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U. S. BATTLESHIP NEBRASKA. 
DESCRIPTION AND TRIALS. 


By LIEUTENANT ARTHUR CRENSHAW, U. S. Navy, 
MEMBER. 


The Nebraska is a first-class, armored, sea-going battleship 
of about 15,000 tons displacement, built by the Moran Bros. 
Company of Seattle, Washington. 

The contract for the construction of the vessel was signed 
on March 7, 1901, the total cost of construction exclusive of 
armor and armament, but including the installation of same, 
being $3,733,600, of which $1,240,000 was for machinery. 

A speed of 19 knots per hour was required to be main- 
tained for four consecutive hours with the vessel weighted 
to a mean draught corresponding to about 15,000 tons dis- 
placement, and 36 months was the time allowed for the 
construction, but for various causes this time was extended 
to January 23, 1907. 

The keel of the Nebraska was laid on July 4, 1902, and 


the vessel was launched October 7, 1904. 
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As the armor protection, the size, location and general 
arrangement of the main and secondary batteries and the 
arrangement of bridges, decks and quarters is practically 
identical with that of her sister ships, the Rhode Jsland 
and V7rginza, full descriptions of which appeared in the 
JOURNAL of November, 1905, and February, 1906, it is not 
considered necessary to go into these details in this article 
except so far as pertains to the general hull data and descrip- 
tions and data of machinery and trials. 


GENERAL HULL DATA. 


Length between perpendiculars, feet and inches.............000s000 435-00 
Projection forward of F.P., feet and inches.............cccsssser. seees 6-03 
OEE OE DP, TURE GIN TINE. oncicccckcccscicctisvees ccsescseses 0-00 
Length over all, feet and inches. .............cccccccccrssecceecscsrerscsees 441-03 
on 1,.W.L,., feet ated ichres........1..ccccccccccevcssoseesesseccees 435-00 
of straight keel, feet and inches.................ccccoccsserees 342-023 
Breadth, molded, feet and inches................ccsscccccssscscssseoscccees 76-00 
I, TUE DUNE FINE B on cciceccccnsceeecctsecscessasnsensoeaees 76-024 
Depth, molded, main deck side at M.S., 544 inches, feet and 
Pe racinartcvbdamecdedsv sustanenetonaccpaveanadeseelssntanagntnipayiotesios 41-038 
Dratight, feet and inches.........02 sccccessescoceescsoocees covcovccsececcoooess 23-09 
I I Oe I iia da ccnct chek atcccsnes: assokstsocracnuscsobenesins 5-708 
Displacement, normal 23 feet 9 inches draught, tons................ 14,994 
per inch, at 23 feet 9 inches, toms.................00+ 61.0 
Area, midship section, square feet..............sssesssersseeeeeeeeeeceeeens 1,729.5 
L,.W.L, plane, square feet ....... ...cccccscrsesceseee cocreccescoees 25,613.0 
WOKE SUETNEE, DOUOEO FOE... oon cccc sees cscs sscsscocncnssscoeesses 42,850.0 
C.G. of L.W.L. plane, aft M.S. (544), feet............-..csscsccsccceee 3-35 
CFR. OTS UID GE I TI sass crascecs centers sonsenceconsocooseesnssose 12.9 
RUE OT ie I) IE ones: cate cn eer snctinnsccesas-ctsciedeaney .03 
Transverse metacenter above C.B., feet and inches................++ 19-03 
Longitudinal metacenter above C.B., feet and inches............... 517-06 
I OF SI, WN nso Sse cicectnsconesesiecesccaxcetonraes -6667 
RM GRU Aibiseteetecsss tnkpibinhiad tarot cemhondes 7727 
I oc acikec ska debntsvi tenons cxtanabevneete -6980. 
Shafts incline up and aft at angle, degrees, minutes and 
IN akan cekiaitttenkcbege cack cnncancucoreacacsesniavahemeeuebokins 00-43-33 
diverge at angle with c.l. of ship, degrees, minutes and 
I Sgn cecantevescccesneresscusrdsiesancstcostheoeionsaeinie 00-51-26 
c.l, diverge from c.1. of ship, at 69, feet and inches...... 9-04 
base line, at 69, feet and inches.......... 6-07 
c.l. of ship, at 105, feet and inches...... 11-06 


base line, at 105, feet and inches......... 8-10 
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Shafts rake up .1874 inch per foot ; out, .1804 inch per foot. 
c.l. meet 340.8 feet forward of F.P. and 15.05 inches below B.L. 


No. of frames, spaced 4 feet 0 inches throughout.................06+ 108 

Ms 2s WEST s socccais vecencisscccsssesessubason toburvaivheaets 337 
CRS - CRE CII iv eivcs. 065 bavipcacsin coatees Nth cdieetadeosanek 1,778 
Reserve-feed tanks capacity, galloms..........ss00+ secsscceesccseceeeeeees 31,590 


ELECTRIC PLANT. 


The generating plant consists of eight dynamos situated 
in four compartments forward of the forward boiler compart- 
ments, two at the level of the hold and two above, with a 
center-line bulkhead between each pair. 

In the starboard upper dynamo room are situated the main 
and searchlight switch boards, and in the port upper is 
situated the central station. 

The lighting outfit comprises the various circuit fixtures 
for 1,110 lights, 10 are lights and 6 searchlights. 

The power outfit comprises 108 motors, consisting of 8 tur- 
ret-turning motors, 21 ammunition-hoist motors, 2 whip- 
hoist motors, 12 gun-elevating motors, 12 rammer motors, 
8 boat-crane motors, 6 deck-winch motors, 33 ventilation-fan 
motors, 1 laundry motor, 1 workshop motor, 2 sanitary-pump 
motors, 1 fresh-water pump motor and 1 dough-mixer motor. 


DYNAMO ENGINES. 


DR oscninccississ cssiensne \outasscocibonsenbasbeny das diseniees wiuancurcerr onetime Compound 
TOOK w. Gymamo0s, NUMHE|T ....00....2..ccccccscccceseseccccese soccesceseovccscccosccesose 2 
Dilewatar, ee taene, FEF, I a cinisas<ereconcsinssshersssurtetasigesprevcaueness fe) 
Nga MN 25s dosussncosbsacens coacucbendduuaccuonnsienaea are 18 
I TON cain tenth tcstietincnds-cotsasntiscausucccsedodmnuanie siaiibbad saens pheanaseoee oo 10 
SOOM. GYRRUMIOG, WUUARET. cai scccsensacenvesscoceccesascccstencbcneunpscoeptonesersobes 6 
Distetar, Cymeeee, TEP, TOO ives cstis oseccscousssconsicessasesscaammebovcesestane 74 
Bilas: SI ca sccnvinisrecescotsncmbisesnshseseriescseeaiad 14 
CI IR aca cocvedss camnbcow totaursianrctetuytuhsconsdiacgounticieamacarererrine 8 


PROPELLING MACHINERY. 


There are two four-cylinder, triple-expansion, outboard- 
turning engines of the vertical, inverted, direct-acting type, 
in two watertight compartments, separated by a fore-and-aft 
watertight bulkhead. The engines are of the contractors’ 
design, but are practically a duplicate of the type design 
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furnished by the Bureau of Steam Engineering. The en- 
gines were designed to develop 19,000 horsepower when 
making 120 revolutions per minute for a speed of 19 knots 
per hour. 

The arrangement of cylinders, beginning forward, is: 
F.L.P., H.P., I.P., A.L.P. The arrangement of cranks is: 
forward L.P. and H.P. cranks are opposite ; also the I.P. and 
A.L.P. cranks are opposite, the second pair being at right 
angles to the first. The sequence of cranks is: H.P., 
A.L.P., F.L.P., I.P. 

The engine framing consists of twelve forged-steel col- 
umns, which are tied fore and aft by cast-steel crosshead-guide 
strongbacks and diagonal stays (forged steel) in front, and on 
the back by forged-steel horizontal and diagonal stays. 
Each pair of columns is tied together athwartships by X 
braces with a horizontal tie rod through the center of the 
X, on which are lateral distance pieces. Each cylinder of one 
engine is secured across to the corresponding cylinder of the 
other engine by forged-steel stays through the center-line 
bulkhead. No arrangement has been made for staying the © 
engines fore and aft. The H.P. cylinder has one balanced 
piston valve; the I.P. cylinder has two balanced piston 
valves, while each L.P. cylinder has a balanced slide valve. 

Each engine has a 12-inch throttle valve operated by a 
handwheel and screw gear at the working platform. The 
valve is balanced by a piston on the valve spindle working in 
a cylinder cast with the valve casing. At the top of the 
valve the stem is extended through a stuffing box in the cast 
pipe which serves to steady the valve. There is also a 2}- 
inch bypass on throttle for warming up or maneuvering. 

The valve gear is of the Stephenson type, with double-bar 
links, working directly. The cutoff may be adjusted from .50 
to .73 of the stroke. 

Each engine has a floating-lever reversing engine with an 
oil-controlling cylinder, bolted to the H.P. cylinder on the in- 
board side. The turning engine for each main engine is of 
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the usual double, vertical, inverted-cylinder type, located at 
the aft end of bedplate and connected to the crank shaft by 


worm gearing. 
ENGINE DATA. 


Cylinders, number for each engine.............ccccrscssscecsereresceseeee ens 4 
B.D, GIRMAENRE, MODES: 3. 50. sinncsecsvisssececsnccccbnessessttoansees 35 

LP, COME, NID ois on cnsncc<ssckconcsonsanecbntesuncetsenens eos 57 

L.P., diameter, inches......... +t entnbeaiabiadeciisnipaabiioens 2 of 66 

Btratce cf 01) PIMC, IG cscs essncn cc scssnnciccssessianvenbedssetevson ens 48 
Batic, wet aren Ol EP. Wi TAF. sai osc ccivccescs sessceuseyccssacqensanes 2.696 
Be Bs ins cons’. conacccspatovuntensesneatnties 7.248 
Cylinder walls, thickness, H.P., I.P. and L.P., inches.................. 2, 14, I¢ 
liners, thickness, H.P., I.P. and L.P., inches......... ...... 14, 18, 14 
Valve-chest liners, thickness, H.P., I.P. and L.P., inches............ 13, 14, 17 
Jacket space, INCH..........6:..ccccccocs cassonser seosocccriaccescooe csccooccscssssosesse o# 
Cylinder relief valves, diameter (2 to each cylinder), inches........ 34 
I.P. valve-chest safety valves for L.P. receiver, inches............00066 3 

PISTONS. 


The pistons are of the usual conicaltype. The H.P. piston 
is of cast iron, while the I.P. and L.P. pistons are of cast steel. 
Each piston has two cast-iron rings, held together by dowel 
pins, and the rings are mortised toa depth of § inch on the 
one side into the piston and on the other into the forged-steel 
follower. The rings are made in two sections and joined 
together by the usual tongue pieces, and are held in place by 
the usual steel springs. 


DATA FOR PISTONS. 


Diameter of pistons, H.P., I.P. and L.P., inches .............. ieee 35, 57, 66 
Width of bearing surface of packing rings, inches...............+++ 24 
Thickness of bearing surface of packing rings, inch............e000 I 
Number of follower studs, H.P., I.P. and L.P., inches............. 10, 18, 20 
Diameter of follower studs, H.P., I.P. and L.P., inches............ 14 
Height of pistons, inches.........c00c-sececcercecsccscecceess sssssceorsossoress 17 
Diameter at Op, iMChes...0.0...0..200.00..scccscadesecen vossnveseonccsesseeene 14 


PISTON RODS. 


The piston rods are high-grade forged steel and hollow, 
with the ends tapered to fit into the pistons and crosshead. 
The ends of the rods are plugged with composition. 
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Length of piston rod, feet amd inches...............ccseceeceeeeeceeeeeeeeees g-02t 

TRGEROE SE DONTE I, TONNER avin istic cance sesececnecsiasoceess cascnncs 8 

hole in rods, H.P., I.P. and L.P., inches...............0.. 14, 38, 5 
CROSSHEADS. 


The crossheads are of No. 1, class ‘‘A,” steel forgings. The 
pins are hollow in each case and the surface of the pins is flat- 
tened on two sides, reducing the bearing surface and forming 
a space for lubricant. 





EGONEN OF COOURRDE DURO, IOCIINE «5 ccscesncsn<icsesssesosestescassocetecsescess 10§ 
Diameter of crosshead pins, inches......00c..cescosssscesecccssscccetsascooncsese 10 
axial hole in pins, I.P. and L.P., taper, inches............ 6 to 2 

NON, TE gL <csasniinecassedeneninetbbenescsees 14 


CROSSHEAD SLIPPERS. 


The slippers are of No. 1, class ‘“‘A,” cast steel, are lined 
with white metal hammered into dovetailed recesses and 
fastened to crossheads by six 1}-inch tap bolts. 





TEM: OF COGRENOAE BTDUES,, TCHS «6.00020 .ciccccsesescenceseessseeseee socseeses 30 
WH Ies GE CHORMIIRRG GENIUS, SCN... ic iscctesescccssscvesscovnesnceessebeesie 23 
RE OE DI RIO, TID i os Sans ve occsvcccdscusesccvsnestnsctecesusessiaseds 30 
MERE GE Uae GIRTIOG, SOT a ois « <i dsscsn ss cic cnisecen <cnstbentossaninereusese 


CROSSHEAD GUIDES. 





Both the ahead and backing guides are of cast iron, the 
former being bolted at top and bottom to the strongbacks 
on engine frame by eight 14-inch fitted steel bolts, and are 
stiffened by the water-service boxing and webs on back. 
The backing guides are bolted to the ahead guides and fitted 
with liners to provide adjustment for wear. Both guides are 
well supplied with oiling grooves. 


PROPELLERS. 





There are two three-blade, out-turning propellers. The 
blades and hub are of manganese-bronze. The hub is fitted on 
the tapered end of the shaft and held in place by two forged- 
steel keys diametrically opposite to each other, and a nut on 
the end of the shaft threaded in the opposite direction to the 
rotation of the propeller. The blades are fitted into recesses in 











U. S. BATTLESHIP NEBRASKA. 1005 


the hub and are held in place by rolled manganese tap bolts 
which are kept from turning by locking plates. After pitch 
of screw was finally determined, the spaces around bolts 
were filled in with composition chocks. The propellers were 
accurately balanced, finished smooth, tinned and burnished. 
The propellers are made to rotate outboard when going 


ahead. 
DATA FOR ONE PROPELLER. 


DR CRIES CE EAI gfe oc cvdnn snes canna tie iscsasccevecnnghsassnctvusteboeinatans 3 
Diameter of propeller, feet and inches...............sccccscsssreccssseeee 17-09;°5 
Pitch for official trial, feet and inches................s0cscccssccsoccoeesves 19-00,.41 
IRIE. GONE GE TI, ics iss vaccnsccssoccavsccevsiniews asees 20-04.87 
REINA POE CINE PII sai sins ssi kane. ssn tpneentabeiccnseasebioanea 17-08.16 
EemeEk: CE Ry CIN sais cde oss contcnincsenissapegevovenohosincetecngens 43 
Flelicotdal aren, annere feet..........000cccscsscrocessccarccessucnesscvescesece 89.2 
PROUT BIE, RIE GIN aso cesii nissan :snsipcsnsusestensesmanee! wuccsmerseassey. FLD 
RRC RSE ARE nr PO TERI PRY Oy EAS eet Seo men DA oe 248.15 
Ratio projected to Gis aVes.........ccccoce..coosssssecccccerevecccscacocccoees .2889 
Area of immersed midship section, square feet...............sesseeees 1,729.5 
Ratio of Gwe 00 LIES. QPCR o.oo cseccseccesccssvesccessorsensscoscseioccsance -1434 
projected ared to T.B.S......0.....ciccsssccerscessspnssesensccotenes .0414 
Immersion, upper tip of blade (mean draught 23 feet, 9 inches), 

IR WE IE vain ccnssnsea sahiazensadpantsapnneacentstesectonmtscwemeeanbeel 5-I0k 
Lower tip of blade, above bottom of keel, inches.............sssc+0e 1.875 
Average R.M.P., official trial, starboard...............sccecssessseseceses 122.19 

POPE... .crccrcccvcccsocsvorecessersoescoees 118.78 
Slip in per cent. of its own speed, starboard.........0..:seeee seeeeeees 17.023 
Was co aiepsaconbpeoteasesnesais s6asia 14.453 
Number of tap bolts for blades (8 each blade)...............:scesseees 24 
Diameter of tap bolts for blades, (12) inches.............ssssscsseseeee 4 
CBB SCI 000s sacscccesvovessensens 44 
Length under head of tap bolts for blades, inches..................++ 7t 
WEEN OE ES C9 RPE) SCI so iii onssi cede ce scsccscdntsingssésaceevamsis 24 
SS Te SI hs eciccsecnrndasincss va cpunsewossepivestonanedisieien It 
Length of keys, feet and inches..................:ccccccsssccsccscesscssceeee 3-00 
Diameter of shaft-nut thread, inches............ccccescseeecoecceseeceeres 12 
Length of shaft-nut thread, inches. .............ccccccccccessscsceceserees 124 
TRPORES POF BCI 0. 55.0<<scccsecsscsossesscees Fecesipesesimninhaieeseapeeseeuaain 4 


SHAFTING AND SHAFT BEARINGS. 


The shafting complete is of class “A” steel forgings in 
six sections, as follows: Crank (two sections), thrust, line, 
stern-tube and propeller. 





/ 
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DATA OF SHAFTING FOR ONE ENGINE. 


Cee CERN, SIE GE RNR s bscss csicccrcssoinz ccdsrvetdssvecimesbcacnive 2 
RMN, MIN ccsdcsconishorinncesssacbcicasespacposeeabiassdvasesece 174 
Oe NN RII oso sce csccscccoersctatecions dvctec 1o} 
coupling dises, inches........0....2:0sceoreosss seecee 32 
thickness coupling discs, inches...............ccsscsssseeceeeee 03% 
diameter coupling bolts (8 each flange), inches......... 03+ 
SI, MINNIE, TUNED siccigase’ sooccresekssccossadéeetessecses 174 


length for’d section, F.L.P. and H.P., feet and inches 16-o1 
after section, I.P. and A.L.P., feet and inches.. 17-07 


SN CN SIO nics scnsasnasd copier stovngppinumceives 18 
onic exons Dose cases naman Bevadireansnine’ \snse 21¢ 
SNE Te, ONE TIO. oon ac nn Sc ceinss: cnc nnctnsespnions 10} 

IN I I i os en vnnene cote abecuaharivecsencetoen 20 
ELL ON ALES 114 
Se a HI va ttctcccnien sncsesrnccenias sessscresoeninsatantions 163 
Se I MIR gern ciipsccidee skh canxcvscceaseccenavesvesmncares tot 

BRET, FONE TINE EIR vncisectccciveccsicsenscsesesotcanceceasss BAGO 

Cy I MIN GI iis tac kiccnsecsrsenscsviencanenkousinsee 13 
OSE SRE Rae ror ad eI re 26 

I a  edetons o2 
Ee 04 

horseshoes, number each shaft...................0. 13 

I See: CONN, SO gop ca chins cnsccnasudencurasantresuseehancosioacesss 164 
axial hole, diameter, inches............ccccccccccssccccccsccccccees 104 

diameter coupling discs, inches.................ccscccssececeeees 32 

bolts (8 each flange), inches............. 034 

NN SI ONE SONI 55s opis cua eencnanicicscncstastoncaens 29-06 

Stern-tube shaft, diameter, inches ........... piltninnteahn atin Caxarted ete aammaones 174 
WE IRS oo. ca vceecsockinvassecsiaacs 10} 

length, feet and inches................. sseplanabeeneatene 38-03 

Prometier Galt, Giswmaeter, TCWG. 6.5.0. 0500scc.ccccesscossives <evsenssssconechovess 174 
A ro} 

DEER, BOGE WING TAIN coisas once die sesecvcsesceronecosnices 23-10 

BEARINGS. 


There are six main bearings for each crank shaft, two 
steady bearings for each thrust shaft, two spring bearings for 
each line shaft, two stern-tube bearings for each stern-tube 
shaft, and one strut bearing for each propeller shaft. 

Thrust Bearings.—The thrust bearings are of the horse- 
shoe pattern with a steady bearing at each end. ‘The pedes- 
tal is of cast iron. The thrust shoes are of cast steel, faced 
on the side with white metal and made hollow for the cir- 
culation of water. 
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Deciatliak GE Sie tiek GIRO isis 65 sing ncsos nese cncusscectsanah peseensgesnaiscncinewesseesee 13 
Width white-metal bearing surface, inches. .............css0ssecsssscsesesereceees 044 
Didsmates of thrust Gide GOES, ICRES,....... cccccesiecscssccecscczeseese coseccosccosese 032 
Length of each steady bearing, inches...............cccccsscscsssccssscsseeseesens 14 
spring bearing, inches..........:..sssccsosscossucserercscossececessscoseses 21 
stern-tube bearing, forward, inches.............csseccessscssees sees 41; 
CE OE prises nines seytiusesionreniennctaes 552 
SUES WORST, TT cigs ocay noe ovcicsscpenctinceesé dcosednetenevenscesesivese 55+ 


REVERSING ENGINE. 


The reversing engine is the usual oil-controlling cylinder 
type and is located on the inboard side of the high-pressure 
cylinder casing. It is operated by a hand lever at the work- 
ing platform connecting with the ordinary floating valve 
gear. A hand oil pump at the working platform secured to 
an engine column is so arranged as to be always ready for use 
when reversing by hand is necessary. 


Diknabinber- al Steet Cree, TGTIOG ooo ccs egsscnnss oaskecdiiganp Vesenssesensdsenss 15 
OEE NE, MI so icinscatineesisc has. Senbbdadissescetaanedadiecabeins 7+ 

I TRIE aces cceaccscnies da svnnecose vessicedeskacennelistcetenasaeoneianaine 22 
Diameter, steam-piston valve, inches............cccesceccccsssssosseccceces coccee 24 
CAE AIOE VERVE, TIC sos snes cpcascamscatgonesaasbes sgcacerenemisnee’ 13 


TURNING ENGINE. 


The turning engine is located at the after end of the bed 
plate on the outboard side of each main engine, and is a 
double-cylinder engine with an auxiliary valve and hand 
screw-reversing arrangement. The engine connects with the 
shaft through worm gearing. 


ER GE CIE gain es ieee esnas ecb ccnsebcetnevcbosttcumeiciobeetiecee 2 
THReNCR Er OT CHTIIITR, TRING oon 65 6s ive ove dno d4sdve cnscccebsnrseonteonanenuaees 6 

SRE TIEN, SOR a wcnav 00, sip eenssueevesnensspheverssassanteisons I 
NE SII ase csensareenysovencons nocn esses resins abcahtpvakeniinesscheasananameataie 6 
FTE GE CORI, | I oes asicticisnnate cos sodedusntvcsnsceundeesedcamohntennteas go 
Ratio of revolutions per minute to main engine..........cceee-eeeeeeeeees I+ 1500 


MAIN CONDENSER. 
One main condenser is located on the outboard side of each 
engine room. The shell is made of class “A” steel boiler 


plate, the heads of composition, and the tube sheets, tubes 
and ferrules of rolled composition. ‘The tubes are seamless- 
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drawn, and tinned both outside and inside. There is the 
usual valve in the after head of each condenser, to allow 
the circulating water to discharge directly overboard when 
desired, without going through the tubes. Zinc plates are 
fastened to the manhole plates on each head, and two extra 
zinc plates are fastened permanently to each head. 

An exhaust drum extends nearly the entire length of each 
condenser and is open to the condenser nearly its full length, 
in which are fitted six galvanized-steel, perforated, wedge- 
shaped baskets extending about 21 inches into condenser in 
channel of tubes for baffling. A manhole plate is fitted on 
the inboard side of the drum for inspecting these baffles. The 
shell and drum is lagged with cow-hair felt and covered with 
galvanized sheet iron. 


Dinmotoer of dhetl, fest ad InGhes........cccccccccccscsescesecocccsecscccscseesese O-EO 

FE He Cs Mi ccasrictin onesies seb scococnecarsssconacecssosnsen isstessiéee oof 

ns cass cc cssabbeteoesenedocssbbcechstentuneebeosive 5,547 
Ne I Boonie‘ cvtcnccencanes cokecennvadectuainvnnces oof 
length between tube sheets, feet and inches...............00s000 13-00 
Oe ee I a osc scravcncsapccscccccavestooecsseenes 13-02 
ee ee PSO viictcce es cccnticcncasccoareisicsscncsvies 00.049 
spacing between centers, inch:...............ccosssecscessceccessssscoes oo} 
COERCION SOE a dian vices sais scsccecbbice Savseaeus'esieee 11,799 

PUMPS. 


Main Atr Pumps.—Forward of the main condensers are 
installed the main air pumps. These are of the twin, vertical- 
beam, single-acting Blake design. The air pump discharges 
into the filter and feed tank in forward end. 


Diameter of steam cylinders, each, inches....................sccecceeececeesenees 14 
water Cylinders, each, Inches...........0000: ccscescesees sevete cesses 32 
DG TAN cskcsinds scossncessiieas 3s, <0 deeds abeini@aagadrcinasishdseacmeseeuneiies 21 
Diameter of piston rod (nickel-steel), inches...............cc0.cseeeeeeceeceeees 22 
pump rod (tobin bronze), inches...............:csc0e cece ceeeeees 3t 
valves, bucket, head and foot, inches...................sseeeeeeu 54 
Number of valves (15 each in bucket, head and foot) in each barrel.... 45 
Nr IR INN 6 si scsnascsiikas vochtnnisentanashgecksehadubins go 
NE I TN PRs eticencniscinensécnosoceasvotescnevesccda, cosaebecesds 11} 


I SUINNE TOTO G5 ooo ocd ci cinceens setdeavebdnestedssc eased ccsvcs 
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Following are the trial data for air pumps : 


Starboard. Port. 


BiOa le MGIOG,, WEF BOE aia iain ns 5 ctnceccecacendeeesensicsiqs cscene 31.4 32.2 
NE, MR ice dananctesseresoeincseey sis ésccucsnbineandanvadaomiand 19.5 25.24 
EAOEREOWE, TIERCE «65a. cspins sesenentssersepatdahaiareteet stsorsete 14.6 10.1 


Main Circulating Pumps.—In each engine room just aft 
of the main condenser there is a double-inlet, centrifugal, cir- 
culating pump of 12,000 gallons per minute capacity, driven 
by a two-cylinder, compound, vertical, inverted engine de- 
signed to make 266 revolutions per minute. 

The casing and runner of the pump are made of composi- 
tion and the shaft of phosphor-bronze. 





Steam cylinders, diameter, H.P. and L.P., inches...........ccceee..ee. 10 and 16 
TORE; SII ister screa sob bisa recheantn beens saphesiseutateris ceaibbananee sbeeel 09 
PUMA) SUMRT, CORMIDUEE TINCIOR sci s 506snc.cvevesesccsdesnverneavanetedsenees 42 
WICH St. PEFIMUETY, INCBOR... 6. ..cccccacesescosvesesssacesess 04 

MN CR ocic5 <sesiccnasdaceccdecedacnigubouiaceest 09 

ERAGE OUUIOR; CAMMEETNE EB), ROR Sec isiike seneisecccsriacidestwiicorensecnions 15 
Discharge norcles, Giawsetel, INCHES .....5...60ssccssessoceosconseresecececssese 194 


Following are the trial data for main circulating pumps: 


Starboard. Port. 
Revolutions (mean) per minute...............ccscescescscecceocssees 199.0 245 
TCRCRISE  WOCDUO OE isn ceisee sis cc essegsrecizesicteaemnmennichosees 62.4 99 


Auxiliary Air and Circulating Pumps—Dynamo Air 
and Circulating Pumps.—In each engine room, located at the 
center-line bulkhead aft of the main ladders, isa Blake sim- 
plex, horizontal, combined air and circulating pump, and in 
the lower dynamo room on starboard side at center-line bulk- 
head is one similar but larger dynamo air and circulating 


pump. 
Engine room. Dynamo room, 

Steam cylinder, diameter, inches..............e000es00 08 12 
t Air-pump cylinder, diameter, inches..,.........+...... 10 14 
t Circulating-pump cylinder, diameter, inches....... 10 14 
; SI, Ms didabocccesdccmoscccisesacctscathansicosanincies 12 12 
Circulating cylinder, suction (2), inches............. “es 07 
discharge, inches.............-+ 05 06 
Air cylinder, suction, inches.............0000+ secccssesses 05 06 
discharge (2), inches...............s0000 04 05 








Xl 
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Main Feed Pumps.—There are two main feed pumps in 
each engine room on the forward bulkhead, of the Blake 
vertical, simplex, double-acting type with center-packed 


plunger. 

Steam cylinder, diameter, inches.............cc0-e seccccssssce sevens cscees covcsesscees 14 
ME PUNE, CHPMIIU EET, SHOMIOD 5.0. 5.05. coccnnees scveseccvonsocs cxsensvet~nsivnones 10 
I last ach agb ana raccassdas cbdesensbsudeer docs Cobepeessridcenens 12 
Piston rod, diameter, inches ................. ass ds gadich agoues @ cbsd age aeeiod Sood 02% 
Piestag) 20d, Giateter,. C08... .10002.25.05000.sspsccssecertecoecasceceeetseeses sannanens 02} 


Following are the trial data for these pumps: 
Starboard. Port. 


Double strokes per minute........00.00.:.00s,sccseceee sooeeecoesee 30-33.0 23-28.0 
FIRED CIE son cnivcesine cog es cosceksospestacceseoseunepeseess 86.4 63.5 


Hotwell Pumps—Distiller Circulating Pump.—There is 
one Blake vertical, simplex, piston hotwell pump in each 
engine room at the forward bulkhead on outboard side and 
one similar pump in the evaporator room. 


SR CHRTIET, CUOMIMUOT, TRE TIII ois occas cacnesice sccscnisccdsssesnssssedincotersesees 12 
RAE GPT, CRMIIRURE, TICIOD ooo cc cic cnnccsences serservssserecseceseoenhscsoss 14 
I ire a deaaaapenge’ aotekeebcanaaned vaaieaseiiod de 12 
SIGE ee PE, INN, PIII Dns 5 occ ccsdeins ess cecncnceucesinseeinssesivcocoes o2t 
IS, SNE y IID ncssctrcnevercccrscccscntsessacanesccsscsamebensescsenseseoos o2} 


The trial data are as follows: 


Starboard. Port. 
Double stroke per miisute....... ........0cssserccsccsces oovcesaccscceese 29.0 28.5 
STNG TOI assis: con pccescncsececesiapcoecescsaveiocsssetess 3.6 3.5 


Auxtlary Feed Pumps.—There is one Blake vertical, sim- 
plex, double-acting, center-packed plunger, auxiliary feed 
pump in each (6) boiler compartment. 


ee SOON siaened seurvasdcaubemserncemneonendoaeceeneen II 
er SU IIE, BIEN, 5. 605.5 -cccs en cccensoccsscadee veedersnisconders s cotee o$ 
Stroke, inches...... Fakiintpbesaiibbee subebicnslteridns sikbadevess sabdanbaseyeewssaupeccudh 12 
Piston rod, diameter, inches ........... baking inetcesidea a sdae Guo eel Gated casbenan o2} 
Pump rod, diameter, inches............ Webnddaccotuidaladdbbeecenccpusiectbess abkkoetae o2} 


Fire and Bilge Pump.—There is one Blake, vertical, sim- 
plex, double-acting, piston, fire and bilge pump in each en- 
gine room located forward on the center-line bulkhead. 
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Deane CHa ae, GIANT, MAID 0 sce secede ranadtndsiridinyeiccbibaciestiws 12 
Wrater CP OGEE, GiRUNOREr, INCE os. 5a scsicicscevenesensene scnentinncviidstceseocns 10 
ES shine hc eeknkp ie tania Snann dhibcs Vitis wear tei te 12 
Piatats See, GH, CGI 5 55 a5 sisson crcccnnas seo ccdenacdeatenopbacieseiesiocss tex 02} 
Pumsp 100, GiGMGUOr, IWOMEK.....0s eee. 059<sercsensssvounsecreveawtovecesveccoses seseseses o2} 


The trial data are as follows: 
Starboard. Port. 
BGT ORRGD UF UTNE. oo os ink ccsscaits covensenvosodsabatvosss 32.0 27.5 
Test, ININEE on iar Ss iss cantina snes ecesenteoleiacs 3.2 2.5 


Evaporator Feed Pump.—There is one Blake vertical, 
simplex, double-acting, piston, evaporator, feed pump in the 





, evaporator room. 

; 
Steam cylinder, diameter, inches... ..........:....soccsscssceseooess essieucmaMionie o4t 

: WAGE CITA, GUI, FIR a asi isn isos edccctacatiovetatcateecbdbcnsvenedoasabs 05 
Beret, TACOS cccsiccscssvas cee aii asieias a abitncs dated cs isto Calais Peete aaid 06 
Piston rod, diameter, inch.............+++0 sbsesseeedeccevesniasessevensnecesseseseuece oo}$ 


Distiller Fresh-Water Pump.—There is one Blake vertical, 
simplex, combined fresh and salt-water pump in the evapo- 
rator room. 


SAREE COTES, CARMIONOE, CIN ia <8 ncn y's vesatinccdacininshewertisissaatveedt 06 

Fresh-water cylinder, diameter, inches. ..............cccccccses.coscccessesserees 05 

Salt-water cylinder, diameter, inches..................csscscccsccessscssesesseeeees 04 

Stroke, inches. .......00-ccecce pinadaehesnipd bed sabi sees nideinteantnentommahencike dak 06 

Pistoas 200, GUMOERS, SCIEN is 0s cncesvesesvonesencvercnstedsbeavenssditasedeeeées o19; 
; Pump rod (fresh-water), diameter, inches.........0......0+ cesses scssscssssseees ory; 
: Cambrian), GARDENS, SAD. si indiccns oddictcttntecactadens sssensietys oo} 
: Engine-Room Oil Pump.—There is one Blake horizontal, 
duplex, piston, oil pump with hand attachment in each en- 

pilex, ) 

gine room on aft bulkhead at working platform. 

Bees GTS, | IO, TIO oan 5c sive ccccknenssesscicceandobsucsovestsateds 02 

CORE eM, GN TIN ios sks oe Sas scceccinebecepanvccpsensvcees ued sadiboat oi} 
TID, - FI ithcct Ess cectncad. cpcocedsickedspaes caren iucsvad saverous senses ddbencubatepeutes 02% 
Shaft Bilge Pump.—There is a bilge pump driven from a 
- crank on the forward end of each main-engine crank shaft. 
M The pump barrel is placed on the inner bottom, directly over 


the crank-pit well, outboard of the center line of engine. 








Xt 
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I Ae io sss viteknccscdenincoe tao peeen bad saeuetabasinee bubeeewi o& 
I SIN. 5 ccc dibnaes cacepocsretessanbeck ca ddatecurdveavbeadbb dpiheocsumbbaucencoce 08 
Capacity at 120 revolutions per minute, gallons............-.:s0cseeeeesseeeeees 208 


FEED AND FILTER TANKS. 


There is one feed and filter tank in each engine room 
under the condenser, the total capacity of each being about 
4,720 gallons. ‘The filter tank is placed over the feed tank, 
and is composed of four compartments in which toweling 
filtering material is placed. Provision is made for cleaning 
out by removable plates over each filter. 

An automatic valve in the bottom of the tank, actuated by 
a float, closes when the water goes below a certain level, to 
prevent the suction pump from filling with air. 


FEED-WATER HEATERS. 


There is one feed-water heater of the high-pressure type in 
each engine room. ‘The shell is made of sheet copper, the 
tubes of composition, tinned inside and outside, the tube 
sheets and heads of composition (cast). 


Diameter of shell inside, feet and inches........ ........cccceecceeeeeceees 02-II 
Thickness of shell, BOW.G. No. 3, INCHes.....0....cesccccscoveseroecsoes 00.259 
IS IN III, SUI gio css cceccneéccntncedicobs bideceschisiveleds oI 
length between tube sheets, feet and inches.................... 8-00 
length, total, feet and inches..............ccccccccescccossesserees 8-03} 
CIR, BOR, BS BO as, TOR a oa es cece css cncscs cndsnsossnesene 00.095 
MpRcinig WETINET COMLEIE 550i... ceccessssesncsscccsesccesscscoce ase or 
I oan, caidas nbavahinspisockaesnindsbiwsicavaxsienet 456 
Heating surface, both heaters, square feet..............:sesessseesereeres 1,910 


AUXILIARY CONDENSERS. 


In each engine room, at the center-line bulkhead just aft of 
the main ladder, is an auxiliary condenser of the Wheeler 
type. The shell is made of class “A” boiler plate, the tube 
sheets and heads of composition. Tubes of rolled composition, 
tinned outside and inside. 
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5 SO IIE OE nods veo cas veigusacnesenes hexatacsviasbienscnssinentasaiieieodas 432 
Be lees i ME ota tin ctinecnnceaerisiconguucts ccpeeeacccctsebteabesipuieas 18 
; Giamoeter OF outeide, 80h ..5.0.ciicsccccccsesccssccccseces secs ibaaphcinasode 00% 
length of, between tube sheets, feet and inches.................. 8-06 
ROE Tee OID SNOMED ities cop cascikctnegivocentondotnaieasons 8-08 
COOGEE: GUTTERS, DOMEED TOUR 5. cetin.ccscccsscecesunoiccocssctessstacsiodneceesossnees 6004 
| Diameter, circulating water, inlet, inches.................::sccseeeceeeseteeees 05 
GUERIN SIN so cscensiesc ci caiceseeckieanctdceye 05 
a I I iii cciicw hcg sa csntteioaceai aenetndtaaain 09 
| DEVAN DUCTIOE, SUCIIG, 0.005 <oscciaiserciss-ccesecchichessouppenones 05 


There is one auxiliary dynamo condenser similar to above, 
but larger, placed in lower dynamo room, starboard side, at 
center-line bulkhead. 





TN: IE oii as sett diete hea oehdegsinnsacéveieaoasbeanes camebabiielebiveneas 864 
CARGOURE OE CERIN, TIICTA. ooiiocn: osecccrsctosciasosccacvivnissecesebner oo# 
length between tube sheets, feet and inches.................04 8-06 
total, feet and inches.........scccccccccsceee A A RAW SP OE 8-08 
CRs ANTI, GENTE GI src cnsnsccnnassesncvssatetenicssanewenssearedacs 1,201 
Diameter, circulating water, inlet, inches.................cscessessseeee 06 
OUTS, INCTIOR, ..0..cccesocccssosesissossosses 06 
CURIE THANE, TNR ass oc 5s. sceveiaess Aetancnsinedsdicgstiescess 09 
air-pump suction, inches............ 06 
BOILERS. 
There are twelve Babcock & Wilcox boilers of the latest 
improved type, arranged in six watertight compartments. 
Floor space, length, feet and inches.............ccrcocccccsesesees essscoees 9-014 
HCE, CRE TIE IIE ooo cc sccccethiteinsccevesessssctsaces 17-094 
Length of grate, feet and 19che.........cccccccccccccosccesoveccccsscessees 7-00 
WHAe OE POUR, FE NE FRG wis canes cits en tcce cccdccsisnicpedsccensenterns 15-114 
Grate surface, one boiler, square feet.................cseeeseceeceseeeeeners 111.8 


all boilers, square feet.......ccccccccsssscsccsccsccrccvsseees 15342. 
Heating surface, one boiler, square feet......... ...se.sereceseereeseeeeess 4,698.75 


all boilers, square feet........0ccsccccsssccoccseceseoses 56,385. 

Number of tubes, one boiler, 2-imCh.............sseeeseescsssseseeereceseeees 946 

BRE servis ghsccotenitsasevadschatv obieuhories 63 

DE ceastaks ctveecncriccs cmetouebsndtniaate 1,009 

Clem: CIE TIES acs ov ivecincsivenepsacdbesaeressans 30 

Weight of water in one boiler at steaming level, pounds............ 16,669 
one boiler complete with fittings, pounds.................. 





XL 
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BLOWERS. 


There are twelve forced-draft blowers, two in each boiler 
compartment, of the Sturtevant inverted, double-cylinder, 
vertical type, with opposite cranks. The blowers are sus- 
pended from the protective deck over the boiler drums. 
They take air from the fireroom ventilators and discharge 
directly into the firerooms through 14-inch wire mesh screens 
at periphery of the fans. Theengines are enclosed to protect 
them from dust and are provided with sight-feed oiling gear. 


Steam cylinders, two, each, diameter, inches ..............sce.ceeee sees 06 
I Oe clinic oiay na doccnnncnoanbeguonksennviatasresnancuaceionhositiers : 05 
RRR SUN, GINUEE, BONEN osc ncesesesersescncesecesecsoccssscsnennsosvetesese o1;'; 
SN Nr nos its mr ste datndewpvannontanontenedponausare 66 
Area of induction nozzle, square inches. ..............ssecescssecsseeseeesees 1,410.3 
eduction nozzle, square inches............cccce scccccscceccecereeeees 2,365.0 


The data from trial, all blowers, are as follows. 
Starboard. Port. 


Revolutions per minute, mean.............ccescereceese eeeees iecuttoas 553-0 531.0 
AGT QORGORED, GAERM, TMOTOB. 06.0.0. 055500s0000c senses sensed concssonscscones 1.56 1.56 
Indicated horsepower.............+++.-++ p saiadpid aaabaialaei es eldae rina 276.00 210.0 


ASH HOISTS. 


There are six reversible ash-hoist engines of the William- 
son type, one located at each fireroom-ventilator hatch on 
the gun deck. 


DREGE GE COTO, GHEE GIN. a cscescnicesisenpeciccseseciass cosewersyyccezetas 2 
BO CE IIe, CII asain Sa eco osiece snssecnccesenee sascasicscuniesessenebes 44 
I, SU a soe ssc sep tctcncnscsedeaensnsss sichepain tonnpvoteces soendeipnneccepesiien 4% 


DISTILLING APPARATUS. 


There are four evaporators of the usual Navy type, two 
H.P. and two L.P., located on the berth deck just forward of 
the engine hatch. There are six vertical distillers located in 
a trunk opening into the evaporator room at the gun deck 
and extending to the upper deck. The plant was designed 
to make 19,000 gallons of water per day. Capacity from 
the test was found to be 20,700 gallons per day. 
The following is the data for one evaporator : 














‘4 
44 
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Inside diameter, shell, feet amd inches.,.......00....cccc:scessetesecesseeeees 5-04 
TROD, FEF: TO 5 os sce snk vis sents. sohens npccescsncncnndentdanaennanedtcs 00, 
COR Fog ih RR ieromas eet ee ea eer ele RD ee Me oo} 
Length over all, feet and IChes. «..... ..ccecsseccseses scecseccesoseosccssesenese 5-09} 
Henils, cuter (atecl), thickens, 10GB... ....cscerscocserssscccsescsceeseossccrss oo} 
Sette COOMIDOUTINGE), TICIIOS. 0-4. 00sec cnscecessote soccnasevnnsesaess ot 
Tube sheets (composition), thickness, inches...............sesssssesseees oi} 
Dames CUTE), TIS, FF TW, WOM ais conc ccssscseneseuesesein sooentnes 116 
Coie GGG, MII: 5 oc 8s ssssaicec S eccttnasaseaivestesietecdxes 02 
length between tube sheets, feet and inches..................... 4-00 
So Ce ate LY Mel OE 4-022 
heating surface, one evaporator, square feet................s0000 243 
Capacity, one evaporator, gallons per day............:ccssseseeeeeeeseees 4,750 
Steam connections to coil, diameter, inches. ..............:.ce05 seseeeees 02 
Drain connections to trap, diameter, inches..................... ninnaaeicnen olf 
DIES A TING, II sos nt ascte nop derdetete cede seckpkaaitarassesessivess 034 


The data for one distiller are as follows: 


Shell (C.I.) diameter, outside diameter, inches.....................00cc000s 144 
CRIN RII sips gts narra ice sevisnssigonssace Seedeusatannandsccecquseeeaene 004’5 
length over all, feet and inches................./ lcscigebeincamecambadepiens 4-10 

Tebow: Ca), Tea; WO TW i, avis ids csecenpscsccese ci ccneesncions 105 
CO GE Di isis oinsnc cite ddestspibseieitaint ita igencsitsnten oof 
length between tube sheets, feet and inches................00..000 3-104 

SI; TE Ne SO oii ccinsbceate nic pascascsniceccderccusanssses 4-004 
Cooling stttFene, GMRDE FOE. ....ccccscessrscescocscvecess voctesece soveceene 66 

Coney, I GE nano ens pus kctvinessncnthasniseens. suns dabsiniinn cdetauan 3,300 

Circulating-water inlet and outlet, diameter, inches... .............ess++ 034 

Wagan Taga, GEN, Ts oan in sin sci sve tb scacesticicaececcbccedecsosesease 034 

Fresh-water outlet, diameter, imch.........0...ccccccccccsccscsssecces sevccccscces ol 


GENERAL WORKSHOP. 


Located on the upper platform under the protected deck 
between the aft fireroom and engine room and extending 
athwartship to the full width of the engine room is the 
workshop. This is divided into two compartments by the 
center-line watertight bulkhead. A watertight door connects 
the two compartments. 

The following tools, driven by a 10-horsepower motor, are 
installed : 

I 24-inch and 44-inch screw-cutting, back-geared, gap, 


lathe, 10 feet between centers. 
67 
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I 15-inch screw-cutting, back-geared lathe, 5 feet 2 inches 
between centers. 

1 16-inch column-shaping machine. 

1 28-inch back-geared drilling machine to drill up to r4 
inches. 

I 15-inch sensitive drill. 

1 universal milling machine. 

1 combined hand punch and shears. 

1 double emery grinder. 

1 30-inch grindstone. 

6 bench vises. 





BLACKSMITH SHOP. 


The blacksmith shop is located on upper deck forward of 
middle funnel. The following tools are installed : 

1 stationary forge. 

1 Acme hand blower. 

I 250-pound anvil. 

All necessary hand tools. 


AIR COMPRESSOR. 


There is one air compressor of the Westinghouse locomo- 
tive type, with reservoir and appurtenances, located in the 
starboard engine room at the wing bulkhead on the upper 
platform just forward of the main condenser. This com- 
pressor is installed for providing compressed air at 140 
pounds maximum, for joint use in the smoke-ejector system 
and for driving small pneumatic tools in the machinery 
spaces. 


11-inch Westinghouse air compressor : 


IRIE, SI RINE, TION cased es sic nxcicnensedescspescaxqviecpssen saceuinonese II 
ee NN SUN cccds.cceicacereeindegocsnieeicpisosietnseetbaahe II 
RN, SRN ce Minin 4c ck cnaasinagorscasaseebdbaae shaian dabedsiebureteneacisantoceth 12 
I CO FI Tess iciisicciccctiecissctuarcinnintenn 
I, MOINS, ceeticacdicn veseciscnbscmpnsicdiceltys ipa ahahlee o1¢ 
Ur I cocscenbainsadtenytnssscsstebecsécecsadeaeicn vandeentone olt 
INI ONIN 55-5 copa ctlliiiionadntiednenanacbsesecesel o1t 
COOOTEe TAF IR, CAINE TOE 0. os ccs icccseerbcsnesesncancersocccsessctsises 45 


Air pressure, when steam pressure is 160 pounds, pounds... 








hie 


of 


IT 
II 
12 


O1¢ 
O14 
o1t 
45 
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REFRIGERATING APPARATUS. 


The refrigerating plant is located on the port side of the 
berth deck over the port dynamo rooms. One 3-ton Allen 
dense-air ice machine with an ice-making tank is installed in 
a separate compartment, which is closed except along the 
passageway where there is a wire-mesh screen. The refrig- 
erator compartment is just forward and also to port of the 
jce-machine room, and is divided into seven sections, viz: 
An air-lock passageway and six refrigerating rooms, the 
whole being insulated with mineral wool and covered on 
sides and top with sheet zinc and on bottom with sheet lead. 
Cooling pipes lead to the refrigerating spaces and to the 
scuttle butts on the gun deck. 


Cy lissdinr, Geant, COREROORR, TOTO aise snacccec<cecsensevcsiresdenserios pee: 10 
compressor, diameter, inches..........ccccessssccecoseseserssscneses 09 
CHIE, GURNEE, III yas dine cscnasasesicnsedndsiarsacdercee 074 
circulating pump, diameter, inches............c0ssseeseerssseeees 04 
primer pump, diameter, inche......00.. sccccccessseesseseeeseeees o2}} 

Divaigss OF CS BG spares sagan asiqnenkesbdnnstcipenetoersbaenenihatconess 14 

Piston rods (3), length over all, feet and inches...............0.sseeeeeee 2-108 

MINE TIN sniiedccentsctccasdcnctresenutesdsbessccamiabbatees 02 

Cooling coil, length face to face of elbows, feet and inches............ 5-042 

complete spiral turns, MNUMDET.......06scecesseesseeesseeeneees 18 
COURAGE, WT. TINII oiids sisdaéécnanscd déadedcecis<ccscderat 16 
tubing, outside diameter, inches..............:s0ssseeeeeeeees 024 
thickness, No. 9 B.W. G., inches.............cccscocesseceee 148 


Following are the data from test : 


Average temperature of atmosphere, degrees F........+..sssseessesseeeeeeees 76.0 
refrigerating rooms, beginning, degrees F... 61.6 

reduction of temperature in refrigerating rooms, degrees F... 41.5 
temperature of water in scuttle butt, beginning, degrees F... 62.0 
reduction of temperature of scuttle butt, degrees F.............. 26.0 
Temperature of water in ice tank, beginning, degrees F..............+0+ 42.0 
Pounds ice frozen in 3 hours 45 minuteS.............c:csccesseeeseeeseeeeeeeres 144.0 
AVerage GLERM DTOARUIE, POUUED. ..<i00.00sescssncecs; cccnssucnsnensecacenccosesnsies 94.7 
Pressure in COMPTessOr, POUNAS..........seceesereseseceeecesees eeesenes 247.4 
SROMMGRL WONG ns vin csceysecicaovessanscesunrbotbier 78.1 

TOVONIIONS HOT MUMBA ccccccs.eacsssercecsessssscteptsasewsctoserscessese 119.2 
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HEATING SYSTEM. 


There are 216 radiators installed in various parts of the 
ship. The heating system is divided into twelve circuits. 
Provisions are made for heating water in the lavatories and 
bath rooms with steam from the heating system. 

Steam is taken from the auxiliary steam line and dis- 
tributed through a manifold in the engine room, and also in 
the forward fireroom there is another distributing manifold. 
The radiators are drained back to return manifolds and traps 
in the engine room and forward fireroom. 

The number of radiators and aggregate heating surface on 
each deck is as follows : 


Number. Area, sq. ins. 
II dials dicts. cnt ohacsedatinedeundese;sabatkabesedceseer=ensne 78 1,0244 
RIG i xoncss snes coubateve sabonesceisecbnscnendesdsencdpandaacose IIo 1,690 
I ad ok sich ccestus cen phadads otenphiieseceCaneeuas Spunedsors 26 398 
NN IN i cian. cxececcansetncehsinendssniu nd euhbabeonnedetie! icz 02 35 


sadetobasche cocssasdéoesbuansutobcetsetuencedauader bebccebstaeese 3,147¢ 
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OFFICIAL TRIALS. 


STANDARDIZATION RUNS. 


For the purpose of standardizing the screws, runs were 
made over the measured-mile course off Vashon Island, Puget 
Sound, Washington, July 16, 1906. The weather was over- 
cast and misty. Smooth sea. Just previous to the vessel 
starting on the standardization runs the draught was— 


Forward, feet and inches, . ‘ : 23-108 
Aft, feet and inches, ; , ; 24-00§ 
Mean, feet and inches, . . 4 : 23-11% 
Corresponding displacement, tons ‘ 14,985 


These runs gave the data recorded in Tables I and II, from 
which the curves on Plate I were drawn. After the standardi- 
zation runs the draught was— 


Forward, feet and inches, ; : ; 23-06% 
Aft, feet and inches, : ; ‘ 23-10% 
Mean, feet and inches, . . . ; 23-08} 
Corresponding displacement, tons, ; 14,815 


The results of the runs with and against the tide having 
been plotted as separate curves, the curve of true speed was 
obtained, from which it was deduced that a mean of both en- 
gines of 119.85 revolutions per minute would be required for 
a true speed of 19 knots. 


OFFICIAL FOUR-HOURS’ TRIAL. 

On the morning of July 17,1906, the Nebraska got 

underway and stood out into Puget Sound for the four-hours’ 

official trial. The draught and displacement at the beginning 
of the trial were— 


Forward, feet and inches, : . ; 24-014 
Aft, feet and inches, . ; ‘ 23-007 
Mean, feet and inches, . . 23-1175 
Corresponding displacement, tons, ‘ 14,975 


The trial commenced at 8h. 28m. A. M., July 17, 1906, and 
finished at 12h. 28m. P. M. The weather was overcast and 
cloudy, with light breezes from South. Sea smooth. A 
synopsis of the data obtained follows. 
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PERFORMANCE.—FOUR-HOURS’ OFFICIAL TRIAL. 


Steam Pressures. (Mean of observations taken every half hour.) 


Starboard. Port. 

Maximum steam pressure of boilers, pounds................. 285.3 285.3 
Mean steam pressure at boilers, pounds............. s+ 271.3 

Maximum steam pressure of engines, ponds, . P. (chest) 257.0 251.0 

Mean steam pressure at engines, pounds..............000. see 251.0 249.4 

H.P. steam chest, gauge, pounds 250.0 238.0 

Ist receiver (absolute), pounds.. 119.0 116.0 

2d receiver (absolute), pounds... 43.25 41.5 

Vacuum in condensers, inches of mercury, mean........... 19.5 25.2 

maximum... 25.0 25.5 


Temperatures. (Average of one-half hourly observations.) 


TR JCCHIOM, GEBCON 30s ics iscnvcnserscceciconssecspinrecosinecccouacedis 56 57 
DIACUAIAC, GORVCOE 0. ssidie osctin one soveesdsswaebenssasesenei nbecales 133 124 
Hotwell, degrees.......... poatebtinesseecrecatuieresniudeatauannabenned 118 130 
FOGG WEEE, GONEOOS 6 6. occ cer ecedae cccsspsnenasdseséeasnoss) eevabeansen 211 201 
Engine room, upper platform, degrees.............:sssseesssees 92 gI 
working platform, degrees............sssssseee 88 82 
Firerooms, above grating, degrees............se0sseecersecceeees 82 82 
WOPKING TEVE!, GORTOES, 00...00iscsccccseveceescccesves 79 79 

Smoke stacks, average, degrees............ccccccsccscccssescecees 728 


Revolutions, or double strokes, per minute. (Average of one-half hourly 


observations. ) 
Average revolutions, main engines, per minute............. 122.19 118.78 
Mean revolutions, both engines, per minute..............+06. "120.49 
PUMPS, MIDI, GT... ..0000sccveserceccnces sacvescscccccccavooosesesecass 32.0 32.0 
ENN Sscccrnsscsvesorstdces) ospsdevavecnatnensranindensén 199.0 245.0 
COE Ew: OE INI i. o55 kakeconcciscacnndpanenetoncees 30-33.0 23-28.0 
OE GN II occ cv essence cinctngincsy seveshinsticsnctes 32.0 27.5 
dynamo condenser, air and circulating............. 29.0 
TPIS siciinin sive svcsvn gudccnscsseesnesevessascesatesesse peataccsevceeie 350.0 
POPU CI einai: cvspancasiiessncdénsdopantsesasesinitasacamearanee 553-0 531.0 
Speed of ship, in knots per hour.............scccorsscossccseveeees 19.06 
Slip of propeller, in per cent. of its own _— based on 
TCR -DIGOM, oconciines eceses scvcscccee 27,0283 14.453 
Air pressure in Geneenin, i in  teiches a mater, mean....... 1.56 1.56 


Mean Effective Pressures in Cylinders, in pounds per squareinch, (Averages 
of cards taken in half-hourly periods. ) 


Main engines, F.P. CyUMBEy sco. 0s0ceseesccasedesseuscasesoberseess Me... wares 
Feds WINE ho. edvch i clostaseeuteibsdekieis cetoehss GEST éceeee 
Fie F a sie icvetrnsvacwacvicnestaenctsiavoes 20.64 eunees 
ST TERN ns ons psnescvinpoatciveiiustvaniaiina are 


Mean equivalent pressure, in pounds per square inch, 
referred to combined area of L.P. pistons.............+00.. SO:3F sites 
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INDICATED HORSEPOWER. 


Starboard. Port. 
Main engines, H.-P. cylinder....0soc..00cssccccsocsceosescvesccees 2,313.7 3,204.8 
Ty CR cetnscsesarsensescesescese oS aa 4,589.1 2,746.4 
WRF CI ve ctices sevens steceviccoseceneosans 2,076.3 1,919.5 
Bi Ter, MINN acs cegeacnstinaisanseavneetianaioked 2,275.9 1,821.1 
I sk cShzseiians concans hocilasababaedsebsiscurncgebeosion 11,255.0 9,691.8 
Collective H.P. of both main engines..............s0ss0.s00 20,946.8 
Air pumps, Min....sc.cccccccsccccccreesesccsoneessces sescerceceesecs 14.6 10,1 
Circulating pumps, MAIN.............cesereeeceecereeecereeereeees 62.4 99.0 
Feed, Pumps, MBI .....0506: veces ssqscsseoccecssccsscese sesesecscees 42+44.4 29+34.5 
Dynamo-condenser, air and circulating pumps............ 5.0 
PESO CIN THIN IB is sects sccsesesecteseccsecs cocsecesececces: case 3.2 2.5 
circ cass cccscccesascentovencncessoccvenchnes 276.0 210.0 
DIYUBMIO CUBE. .oc0cces oscescossccescoses cosvevccrsocesecscssseseecs 112.0 
ccd coccdecent tenet citsaevbasestaenseatebducatiaintiandistessoctins 963.8 
Collective I.H.P. main engines, air, circulating and feed 
SUN ccreescenusnchcar aim lansioesenicenv ends tranrspbesswessoecevées 21,282.8 
Collective, main and auxiliary engines in operation...... 21,910.6 
COAL. 


Kind and quality used on trial : 
Cardiff, coarse screened, excellent, bagged and weighed. 
Pounds, per hour, main and auxiliary engines, during trial...... 61,991.075 


DEDUCED DATA. 


1.H.P. (total) per square foot of grate surface............sssssesesscceeeeeees 16.33 
main engines, air, circulating and feed pumps, per square 
I I I cccsiptovnsnsessertsetecnciiaccaheuesscnkiaenteneros 15.86 
I.H.P., main engines, air, circulating and feed pumps, per square 
I Oe IE oo vou mpsanvcaonscancsoncepanses mer iccdenedduhanssoaptospnes 0.377 
Pounds of coal per I.H.P. per hour, collective, main engines, air, 
CIP CRRNEIINT BIE SOO DUNNE. vcs cscicetesccccescovsescenseccceascessedsscees secnee 2.913 
Pounds of coal per I.H.P. per hour, all machinery in operation...... 2.83 
square foot of grate surface, per hour............... 46.193 
heating surface, per hour............ 1,099 
Cooling surface (main condenser), square feet per I.H.P. (total)...... 1.077 
Heating surface, square feet per I.H.P., (total)........c00...sseseeceeseeeee 2.573 


OBSERVATIONS ON STANDARDIZATION AND FOUR-HOUR 
TRIALS. 

On the standardization runs the main machinery and the 
boilers worked well, the only trouble experienced being with 
the starboard feed-water heater which leaked at the forward 
head joint. 

The main engine bearings were nicely adjusted, as were 
also the thrust bearings, and beyond a good working heat no 
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heating of the bearings was experienced. Very little water 
was used on bearings and the expenditure of oil was small ; 
there was not that indiscriminate waste of oil usually seen on 
trial trips. The firing was good. 

On the four-hour trial, on July 17, 1906, in Puget Sound, 
the starboard engine and auxiliaries worked well, the leaks 
in feed-water heater having been repaired. 

The starboard H.P. and I.P. crank pins ran slightly warm, 
and it was necessary to run water on these bearings. The 
use of oil was, as on the standardization runs, economical. 

The port engine did not do so well on the four-hour trial 
as on the standardization runs the day before. This was due 
to the priming of the port boilers. The port main condenser 
developed a leakage during the four-hour trial which caused 
salt water to be fed to the port boilers, slowing down the port 
engine considerably. This engine previously on the builder’s 
trials and standardization trials had always run ahead of the 
starboard one. 

The adjustment of the bearings of the main engines for the 
trials was as follows: 


Crosshead bearings, ; . . 33 B.W.G. 
Crank-pin bearings, ; p ; 30 B.W.G. 
Main journal bearings, . ‘ ” 28 B.W.G. 


There was no pounding of bearings during trials. 
The firing was good but too heavy, causing at times a 
second combustion in the funnels. 


Forward Botler. 


hisceaited = eer Se” cionell ceed 
6 4 2 5 3 I 


I 3 5 2 4 6 
I l ipettien pte I | I ve 


After Boiler. 


There was no time-firing device installed on board, which 
was a great drawback, the time being called out by a man in 
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each fireroom detailed for that purpose. The firing interval 
for the four-hour trial averaged one minute, and the six fur- 
nace doors of each boiler were numbered as indicated. 

The feeding of the boilers was not regular and the height 
of water in gauge glasses varied considerably. 

The working of forced-draft blowers was excellent and no 
trouble was experienced with them at any time. 

On the post-trial examination of machinery it was found 
that the interiors of cylinders and valves were in excellent 
condition, as were also the pins and brasses. It was found 
necessary to cut oilways in two of the brasses only, none of 
the white metal having run toany greater extent. Port main 
condenser, on examination, showed that several ferrules had 
backed out, allowing considerable leakage of salt water. 

The curves of auxiliaries, Plates II to IX, were obtained 
from cards taken during the various dock trials of the vessel 
previous to. the official trials, and with conditions as nearly 
as could be obtained to those of the official trials. 

Owing to excessive priming of port boilers and the result- 
ing water in cylinders, only one set of indicator cards could 
be obtained from port engine. 











1027 


NEBRASKA. 


U. S. BATTLESHIP 











Fswoy 


VIMY 


OFLVYDIAN/- 
°° 
N 








“IL 938Id 
SN O1LNIOATY 





g 





° 
oo 








+ 


4 VINNOY 10 “wIG 
pe PHOMLS 
= 940/ * SYIONITAD WY RLS 


906/ €2 anwar ‘NM PTLLVIO 
SNOMATOARLY ONY J fff FO PAYND 
‘OPYVLS ‘INAS ONILVINIID Nivy 
YVSYYBIN SSN 

















“LIL 938Id 


SNOISATOAAY 











- 12 
= 
<x |% 
= 12 
f& ly 
SM 
Y 19 
<< 
a 
wn 
w 
a ik 
ion 
& 
< 
a 
wi 





wvImMay 


U. 


WINNAY 10 -vIG 
Ulead 
«944,07 > SYFONITAD WH BLS 


‘90 ZAM ‘NM FIMLVIS 
SNOILATOARY ONY SH J 40 FAYND 
LYOS “SNAG OBNILVINIWIDNIVpy 

YHSYYDTIN\/ S S/ 


co 
N 
.e) 
— 





1029 


S. BATTLESHIP NEBRASKA. 


U. 





“Al 938Id 
SNOILNTIOARY 








g 





ie 

2 

S 

9 

» 2 

N 

m 

S 

> 

> 

re 

m 

? 
006 = FYNSSIN 

Ny as = IWOMLG 

> ,O/ = . vILYMY 
.B/ = YIONITAD WVILS 

‘907 Iwar WM 'FILLVICG 


SNOILNTIOAILY ONY Y}f / FO FAWND 
L¥VO/f SAWNY GIFS NIVW 


YMSVYYDAIN/ — 27 


OL 











NEBRASKA. 


U. S. BATTLESHIP 


1030 





“A 238Ild 
SNOILNTOAFTY 






a 
z 
. 
9 
» 
| 
my 
0 
zt 
° 
» 
G 
m 
RY 2 00€ = FUNSS IMS 
N -2/ 2 PHOYLS 
W .O/ 2 ° wzL“yY 
2 ~ Bl = MIONITAD WYILG 
'90 ‘bz anor ‘NM “2 TLLVIS 
SNOILANTOAIY INVA {79 FJAWND 
GYVOGNVLG SdWNG A774 NIV 
09 


YVYSYYTDIN S'S / 


Od 





* 
Oo 


U. S. BATTLESHIP NEBRASKA. 





‘IA 238Ild 
GNOLILINTOAIY 





Ss 
‘ 
2 
0 
> 
9 
» 
+ 
o or 
x 
ie) 
» eee oT” FORE 
av Js “ YILYM 
m «2/4 * HPIONITAD WVHILS 
ad ‘90 ‘92 3NAL WM 'FTLLVIS 
3 SNOILNTONIY WV EY Pf 40 FAYND 
my ‘ 

LYO, wn 7F7IML ee) 

% id ‘Iw OH 8 


yYSvYdIN OS/N 


og 











NEBRASKA. 


YIMOS IV CILVIIAN/ 


U. S. BATTLESHIP 


1032 





“HA 938Id 
SNOILNTIOATZTY 








g 


& 





Or 
«Of e*-**°°** gues 
.8 ? - v7L~Y 
~f4 * HFONITAD WVILS 
90 BZ ANOS ‘NM ‘FTLLVW IS 


SNOILNIOARY INV FY 409 JAYND 
SAWNGS GIFZGF AYVWITIXN Y 


yYsv¥YPIn Ss S/) 





1033 


S. BATTLESHIP NEBRASKA. 


U. 





‘OF = ZIVOS 
Wait AI oos 
“INIONT IMOTY 


‘THA 938Id 




















‘OF = 31¥V25 
W 83d ATX OS2 
“INIDNI YIMOTG 


SNOILNTIOA ay 









glee Ore ae “NV 10 -viG 
M ieee 
«9 20 Ze VIONITAD WVILS 
‘90 82 INAS WM ‘IT44V25 
SNOMLNIOABY ONVA HW] #0 JAWAD 


SINIONIZ YIMOoOT7TYg Wwooy Jely 


vysv¥oIN oon 














“XI 93¥Id 
SNOILNTOATY 





> 
So 
~ [2 
S [a 
=~ Lo 
sf 
& Ld 
= To 
> 
& La 
s [m 
ia 
=} 
BI? 
ce 
< [k 
> 
By eee —“‘“_s—ssOOOOO ay vee 
5 


cf , YIONITAD WVILS 
‘90 $2 INAS ‘WM ITLLAVIG 
“SNOLLNTOATY ONV SHY 70 FAWNID 
SNF QINILVTMOSD INV YiYy ONWNAG 
VIYSKYYTIN SSN 





+ 
~*~ 
2) 











EXPLOSIVE-MIXTURE MOTORS. 1035 


EXPLOSIVE-MIXTURE MOTORS. 


By COMMANDER A. B. WILLITs, U. S. NAvy, MEMBER. 


The immense increase, during the past few years, in the 
use of the gasoline engine for boats of small and moderate size, 
and the coincident rapid development of the “Gas” engine 
for large power plants on shore, has brought the internal- 
combustion motor not only into universal prominence but has 
made serious its consideration as the coming substitute for 
the steam engine as a prime mover. 

One need not be an ultra optimist in the study of this class 
of heat engines to arrive at the opinion that there is more than 
a possibility of such a substitution, and that while the “ pass- 
ing” of the steam engine‘will be no sudden death, we will 
within a decade, see at least some sea-going crafts of large 
power using the explosive-mixture motor—vanguards of the 
future fleets of ‘‘steamers” without steam. 

To those of us who have grown old in the profession of 
steam engineering and have witnessed the wonderful advances 
from square boilers and simple engines of forty years ago 
(where 20 or 25 pounds of steam pressure per square inch was 
considered to be high) to the multiple-expansion engines and 
water-tube boilers of today, utilizing pressures of more than 
ten times as much, such a radical possibility does not appear 
in the least chimerical or undesirable, but, on the, contrary, 
in giving due weight to the greater thermal efficiency of the 
gas engine and to the wonderful mechanical advantages held 
forth by a successful plant of that type over the present steam 
installations, there is but one opinion regarding its value and 
expediency and but one real problem to solve—that of obtain- 
ing an unlimited supply of an economical and safe fuel. 

With modern high pressures the care of the steam plant on 
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shipboard demands the most strenuous and exacting attention 
of any known pursuit. A bare recital of the work carried on 
month after month by the engineers’ force of a high-powered 
steamship in active service would be scarcely credible to 
“laymen,” and would indeed exemplify that eternal vigilance 
which is the price of the safety so lightly held by those who 
do not know; but as such stories are too technical to feed the 
press of Romance the ship speeds on, a thing of beauty and, 
apparently, a marvel of “ perfection.” 

To radically improve a thing is to get rid of its serious 
objections. We are aware that great radical improvements 
in the field of mechanics cannot come in with a bound. It 
takes time to impress the truth and value of the new forms, 
and then it takes further time to make the necessary changes 
with due regard to economy in the sacrifice of material still 
serving its purpose in the old. 

The steam installation afloat has reached about the upper 
limit of its efficiency. Wecan see no probability of handling 
very much higher pressures, nor tan we predict, even with 
the turbine, and with superheated steam, any very great in- 
crease in economy or serious decrease in the distressing features 
of the life below decks. Hence, when there appears a new 
form of converting heat into work, which not only is of greater 
efficiency in such conversion, but also at one stroke removes 
three-fourths of the objectionable features of the steam plant, 
those who have long endured the latter give more than a 
fleeting glance at the innovation. Of course we do not mean 
to call the gas engine a “ new form,” except as to its more 
recent developments mechanically and not theoretically, by 
which its future as a marine motor is clearly marked. 

Apart from the question of thermal efficiency, there has 
always existed a craving on the part of marine engineers to 
get rid of the nuisance of smoke and the miseries attendant 
upon coaling ship, stoking, handling ashes and maintaining 
the integrity of boilers and long lines of pipes under pressure, 
with their myriads of joints and valves. Most of this work, 
while requiring skill and intelligence to accomplish well, has 
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to be performed under such severe stresses and in such dirt 
and heat as to rob it of all interest except in its speedy com- 
pletion ; and the physical tax upon these workers is a cause 
of wonder that men can be found who get used to it and 
keep at it. j 

With the advent of the marine explosive-mixture motor 
all these things at once disappear provided we use a liquid pri- 
mary fuel, and even should we continue with coal, producing 
gas therefrom for our motor, the most serious of the objections, 
those of the boilers and piping under pressure, are removed 
and the conditions are vastly improved. 

With a liquid primary fuel let us list the principal immun- 
ities of the new arrangement from objectionable features of 
steam installations on shipboard : 

No boilers ; 

No pipe lines under pressure ; 

No smoke ; 

No ashes ; 

No coaling-ship distresses ; 

No stoking furnaces; _ 

No condensers to keep tight ; 

No forced-draft blowers ; 

No fuel cost or delay in getting up steam ; 

No fuel cost by keeping fires for “ standing by.” 

Here are the main “ objections removed,” and they are in- 
deed a host. Many minor objections will also go, as the 
mechanical operations in different parts of the ship will prob- 
ably be governed by electrical apparatus worked by a supply 
current from a central plant operated by independent “ gas” 
engines. Cooking, lighting, distilling, heating, pumping, all 
can be carried on by the mysterious invisible electric fluid, 
but there will also be independent motors, placed where most 
desirable, for any particular auxiliary work, and the heat of 
the main exhaust will be properly utilized, when under way, in 
heating and distilling. 

Besides the above the weight of machinery will be enor- 
mously reduced. Take a small torpedo boat like the Mackenzze, 
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which has a trial record of nearly 1,200 H.P., we find the 
machinery weight total is about twenty-six (26) tons while a 
gasoline outfit of double-acting type, which will assure this 
power, can be built under sixteen tons, and even with a 
gas producer, the whole installation would not exceed twenty 
(20) tons—while increased fuel-carrying capacity and greater 
cruising radius dre at once obtained. 

As regards the motor itself there are no real difficulties at 
present unconquered. The numberof marine motors devised 
in this country and now on the market number many hun- 
dreds, and, while most of these are of the cheaper two-cycle 
class and of low power, there has been a steady advance to- 
wards perfecting practical installations for large powers, and 
at this writing a 500-H.P. double-acting gasoline motor is 
successfully operating a boat in New York Harbor, while 
tooo H.P. units are already designed. As such units can 
be readily multiplied on the same lineof shafting by the slight 
changes necessary for transmitting additional power, we have 
now with this 500-H.P. type, and twin screws, available 
motors for 2,000 or 3,000 H.P. Hence it comes merely to 
the question of securing an econoinical fuel, readily obtainable 
at the principal ports of the world. 

Before discussing the fuel question let us briefly look at 
present motor designs, not so much for the information of the 
readers of the JOURNAL, who, for the most part, are familiar 
with the general types in use and the principle governing their 
operation, but rather for a record and reference with which 
to compare the improvements which will undoubtedly be il- 
lustrated in these pages in the issues of a few years hence. 

Almost every engineer will concede that the two-cycle 
motor must, of necessity, be far more expensive in fuel con- 
sumption than the four-cycle. In this we agree “in general,” 
though will have more to say on special two-cycle types later 
on. The primary advantages of this type being the obtain- 
ing of an impulse each revolution instead of every alternate 
revolution permits smaller sizes of motor for a given power, 
and as they can be made valveless or, in any event, need but 






































300-HORSEPOWER SINGLE-ACTING STANDARD MOoror. 
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one valve, the cost of construction is greatly lessened. 
At present, both in two-cycle and four-cycle motors, the sin- 
gle-acting principle obtains in 99 per cent. of the designs, 
the double-acting feature just appearing in practical form, so 
so that we are simply comparing the cycles with reference to 
single-acting motors. 

The two-cycle type is illustrated as far as necessary for the 
object of this article, by a cross section, Fig. 1, showing the 
principle of operation of one of the well-known makes. The 
crank case A is enclosed, and the atomizer or carburettor is 
attached to the outside of the crank case at B. The upstroke 
of the piston draws the charge of air and gasoline into the 
crank case. The down stroke forces this charge up through 
a passage C (separated from the water jacket) and into the 
cylinder through admission valve D just as soon as the piston 
begins to uncover the exhaust port, and thus relieve the pres- 
sure against the admission valve. The entering mixture is 
under but a slight pressure from the crank case, but this is 
sufficient to drive out the products of combustion of the ex- 
ploded previous charge, with more or less effectiveness. In- 
stantly the piston returns and covers the exhaust port and 
compresses the new charge, which is exploded at the proper 
time by a spark attachment not shown. With a single- 
cylinder motor this compression is accomplished solely by the 
power stored up in the fly wheel on the crank shaft, and which 
wheel must necessarily be very heavy. ‘The point to observe 
in this class of motor is that the new charge must enter and 
expel the old charge within the time it takes the piston to un- 
cover and cover again the exhaust port. Suppose the motor to 
be making 600 revolutions per minute or 10 per second, a 
very ordinary speed: this interchange must then be entirely 
accomplished within the time it takes the crank to turn 
through that portion of its cycle for this “ lower center” 
movement (approximating a distance of not more than one- 
quarter of the circumference), or in about one-fortieth part 
of a second. The old charge is still under high pressure at 
the end of the stroke, and therefore it discharges itself down 
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to atmospheric pressure instantly when the exhaust port opens, 
but the remaining quantity of the products of combustion to 
be forced out by the new charge, or mixed with it, is a cylin- 
der full at atmosphere pressure. The actual result is that the 
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new charge is compelled to mix with this residue, and the 
purity of the new charge as well as its effectiveness is serious- 
ly impaired. There is also necessarily some actual loss of the 
entering charge escaping through the exhaust port in this 
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fraction of time, and the fuel consumption of this primitive 
type must always exceed that of the four-cycle. One can 
readily note the presumptive evidence of this in listening to 
the exhaust detonations of an ordinary two-cycle motor and 
observing that the revolutions do not appreciably decrease 
when the motor misses explosions. Frequently the sparking 
will be effective only on every second revolution, yet the great- 
er purity of the charge due to the additional “scavenger” 
stroke adds power to the charge on the effective stroke and 
maintains the speed with so little perceptible dimunition as 
to be quite remarkable. 

The four-cycle principle is the most perfect one in theory 
and practice. Here the explosion of a charge performs its 
expansion and works completely to the end of the first stroke. 
It is then exhausted and expelled by the return of the piston 
through the entire second stroke, while the third stroke 
draws in fresh mixture, which is compressed on the fourth 
stroke ready to be exploded at the beginning of the next. 
Here there is certainty of obtaining a full charge of the mix- 
ture in the proportions delivered through the carburettor, 
and both the increased reliability of action of this type and 
the decreased fuel consumption per horsepower are positive 
and marked. It is the type used in nearly all of the auto- 
mobile engines built, and, in the marine-motor field, is the 
type along which high powers are being designed. 

The Bureau of Steam Engineering has taken keen interest 
in the current advances in this class of motive machinery, 
and has had its representatives witness the tests of the latest 
types with a view to the opening for such installations in 
torpedo boats when the fuel question is less uncertain. 
Already there are fourteen gasoline and gas motors installed 
in naval small craft and eight others waiting completion of 
hulls. Besides these, motors for light-powered boats for 
torpedo craft have been designed and are being built 
under the Bureau’s directions at the Norfolk Yard. The 
question of replacing the machinery of some of the torpedo 
boats by explosive-mixture motors is still under advisement, 
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and nothing is being lost through lack of keeping in touch 
with the latest developments. The naval installations thus 
far are as follows: 


Adder, submarine, ; = se 6 rn} re 
Grampus, submarine,. . . . . Otto 4-cycle, . . 160 
Moccasin, submarine... . . . . Otto 4-cycle, . . 160 
Pike, submarine, ... . . . Otto 4g-cycle, . . 160 
Porpoise, submarine . . . . . Otto 4-cycle, . . 160 
Shark, submarine,. . . . » Bite eevee, . .. 860 
60-foot Indian Head ferry boat, . . “Standard” 4-cycle, 300 
Yard ferry boat, Portsmouth, N. H., “Standard” 4-cycle, 300 
Syiff’s gig, . ..... . » “Standard” gcycle, 25 
Syiph’stender, . . . . . » “Standard” 4-cycle, 12 
Maine's 28-foot siete, i.» Sah 2 CO 


Special 20-foot whaleboat, Norfolk, Godschalk 2-cycle, 10 
Special 20-foot tender, Norfolk, . “Standard” 4-cycle, 12 





Vesuvius 28-foot launch, . . . Jager 4-cycle, . . 10 
1,639 
Those awaiting completion of hulls are: 
Submarines Mize (Fore River) Craig q-cycle, . . . 250 
Submarines 7ex (Fore River) Craig 4-cycle, . . . 250 
Submarines Z/even (Fore River) Craig 4-cycle, . . . 250 
Submarines 7we/ve (Fore River) Craig 4- cycle, ‘ego 
75-foot ferry boat, Training Station, S. F., U. I. Ww odes 
4-cy cle, . . . 250 
Water barge, Mare arene U nion Gas Co., 4-cy lin ist ae 
Water barge, Portsmouth, N. pire, (2) Globe, 100 each, 
4-cycle, . . - 200 
1570 


It is seen by the above that 300 I.H.P. is the largest size 
motor thus far purchased by the Government, and this instal- 
lation in the 60-foot launch built for service between Indian 
Head and Washington stood a most satisfactory trial and gave 
excellent performance. This isa single-acting, six-cylinder, 
Standard gasoline motor, as built by The Standard Motor 
Construction Co. of Jersey City. It is of light construction, 
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as may be seen by the photograph (page 1039), and its pecu- 
liarity is that it is started and reversed by means of compressed 
air and a single movement of a cam-shaft lever, exactly as if 
handling an ordinary reversing link motion. Compressed air 
to 250 pounds per square inch is primarily pumped up into 
two (2) air tanks running along the side of the engine room, 
by means of a small auxiliary, one-horsepower, gasoline en- 
gine driving an air puinp for the purpose, this engine being 
also intended to drive a bilge pump and small dynamo for 
lighting and charging storage battery. Only the three after 
cylinders are connected to compressed air, and when the re- 
verse lever is thrown to the first notch away from center, 
either forward or back, the cam shaft is shifted along 
to such a position as will bring cams to operate the com- 
pressed-air valves on these three cylinders, and to lift the ex- 
haust valves on same once every revolution, instead of every 
other revolution. The three forward cylinders operate 
always on gasoline, the cam shaft shifting governing the 
rotative direction of the engine only. The three after cylin- 
ders are now operated by opening the compressed-air throttle 
valve and the instant the engine starts and makes two or 
three revolutions, the lever is pushed on to the next notch, 
which cuts out the compressed-air valves, and adjusts the 
cams to trip the valves in a regular, four-cycle sequence. 
Practically, the handling of this motor is very simple, there 
never being a minute’s hesitation in the action of the engine 
or the result on the boat, as the motor jumps to full speed 
almost instantly. 

While running, an air pump or compressor, attached to the 
main-engine shaft, keeps the air supply up in the tank, but 
can be shut off at will. There is no difficulty in keeping up 
pressure for weeks at a time in the tank, and in reversing there 
is usually but a drop of about five (5) pounds in the pressure. 


DOUBLE-ACTING MOTORS. 


There will be no future for the single-acting motor for large 
powers in marine work. The manifest advantages in the 
matter of weight and arrangement for variations in cruising 
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powers, as well as in greater effectiveness in distribution in 
the double-acting type, will make it unquestionably the only 
one to be considered in the development of this class of ma- 
chinery for sea-going craft. The difficulties at first experi- 
enced in arranging for the proper cooling of pistons and 
rods, and in devising efficient packing for the rod stuffing 
boxes, have been overcome and, as before noted, examples of 
double-acting gasoline motors of 500 horsepower are already 
in satisfactory operation afloat. 

To illustrate the principal difference in construction, figures 
2 and 3, showing section of cylinders of a single-acting four- 
cycle motor and section of the latest type of double-acting 
four-cycle motor, may be compared and the following points 
of substantial advantage in the practical operation of the lat- 
ter noted. These cuts are from the designs of Mr. C. C. 
Riotte, of the Standard Motor Construction Co., Figure 2 
being that of the 300-horsepower single-acting motor installed 
in the 60-foot Indian Head boat, and Figure 3 being that of 
the latest and largest double-acting gasoline motor afloat at 
this writing. This latter motor is also illustrated in a photo- 
graph (page 1038), and is installed in a 100-foot cabin boat 
at Bayonne, N. J., where the writer recently witnessed its 
operation. 

It will be seen from figure 3 that the valves are positively 
operated, water-cooled and balanced. The pistons are cooled 
by water circulating through the crosshead, up a tube in the 
piston rod, providing a return circuit around this tube. The 
reversing of the engine is similar to that described for the 
300-horsepower motor for the Indian Head boat, except that 
a regular reversing controlling cylinder is used with compressed 
air instead of steam, bringing the reversing under perfect con- 
trol. Means can also be provided by which, with one motion 
of a lever, all the lower exhaust valves can be lock opened and 
all the lower inlet valves lock closed instantly, thus changing 
the engine at once to a single-acting six-cylinder motor, or, in 
other words, cutting down to half power with one movement 
and without any substantial decrease in economy. Further- 
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SINGLE-ACTING FouR-CYCLE. 
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Fig. 3.—DouBLE-ACTING FouR-CYCLE. 
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more, the two units of three cylinders each can be unclutched 
so that the after three cylinders can be operated alone single 
acting, which actually reduces the power to one quarter of 
the original. Taking these points into consideration, togeth- 
er with the fact of being able (with a liquid primary fuel) to 
get under way at a moment’s notice under full power and 
maintain absolute regularity of speed as long as the fuel 
lasts, there seems to be little more to be desired towards secur- 
ing an ideal marine motor, and, even should producer gas 
be used, the same control of the variations of the power is 
maintained, although the ability to instantly start from cold 
port conditions is not secured, there being, of course, some 
delay in getting the fire properly under way in the retort. 
Many of the details of the construction of this 500-horse- 
power double-acting motor are shown in the photograph, page 
1038 and are extremely interesting to the naval engineer. In 
this photograph the inlet side is shown, the carburetor (overflow 
type) being in the middle and placed low down, and directly 
controlled by the throttle-valve lever at the reversing cylinder 
on the left. The inlet valves for compressed air are on the 
back, and not shown, but are merely applied in this type to 
the lower ends of the three after cylinders, so that the three 
upper ends of these cylinders and the entire three forward 
cylinders are constantly “on” gasoline, either in the go-ahead 
or backing position of the cam shafts; and, as the sparking 
continues in all cylinders during the action of reversal, the 
very moment the compressed air starts the engine in reverse 
the other cylinders immediately take up action with gasoline, 
and the engine is running on explosive fuel immediately, so 
that the action of the compressed air is not practically more 
than the shifting into reverse motion and starting the engine 
in the desired direction. The moment this results the reverse 
lever is shifted to the full-throw notch, which restores the 
lower ends of the after cylinders to gasoline. Practically, this 
reversal is instantaneous. All the cam shafts are positively 
driven by gearing from the main shaft, and, consequently, the 
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adjustments of the cams are exact, and the tripping of the 
valves in this arrangement is accomplished almost noiselessly. 

The lubrication of this motor is also a very interesting 
feature. Forced feed with sight-feed adjustment is accom- 
plished through plunger boxes shown on the after end of the 
motor, the upper box being for delivery to the center of each 
cylinder, and the lower box for delivery to the middle of the 
piston-rod stuffing boxes, the plunger pumps for each of the 
small pipes being worked by a lever with a small connecting 
rod to a pin on the end of the exhaust-cam shaft, which gives 
sufficient rotary motion for the desired lift, the lift being also 
further regulated by a slot in the plunger lever, to which the 
connecting rod is attached. The lubrication for the cross- 
heads and crank pins is accomplished by a small plunger 
pump worked by a gear at the forward end of the exhaust- 
cam shaft, similar to the gasoline pump shown at the forward 
end of the inlet-valve cam shaft in the photograph, the oil 
being kept in a constant flow from the crank pit into which 
it falls, up through a strainer box between the two sets of 
three cylinders (and just seen in the photograph), back of the 
middle branching of the inlet pipe, and fed by gravity from 
this tank to the journals; a surplus of oil being constantly 
circulated by this method and kept constantly strained 
without waste. The journals are of ample dimensions and 
give no trouble whatever from heating with this system of 
lubrication. 

Another important feature in this installation is that con- 
nected with the circulating water. As the boat is designed 
to run in salt water, there has been a connection made by an 
ordinary keel condenser between a small fresh-water tank in- 
board and the circulating-water pump, this latter pump being 
a slow-moving one of ample dimensions worked by direct 
gearing on the main shaft. It is found by this means that 
ample cooling water can be maintained from a very moderate 
original supply of fresh water, and the objectionable features 
of having salt-water circulation are entirely obviated. Un- 
questionably this will be an important factor in all salt-water 
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installations of the kind, and will greatly add to the endurance 
and protection of the outfit. Where the circumstances make 
a keel condenser in any degree objectionable, a regular tube 
condenser (more properly a cooler) can be adopted with cir- 
culating pump for it, and secure ample provision for the work. 

In the boat inspected containing this motor, an independent 
installation of a small four-horsepower Standard motor was 
made for the purpose of driving a dynamo for lighting the 
vessel and charging storage battery, a bilge pump for con- 
stant use, an air compressor for pumping up the compressed 
air tanks whenever necessary, and a small magneto for spark- 
ing. This auxiliary is not necessary to use except when 
particularly desired, as, when the main engines are in opera- 
tion, the air supply is kept up in the tanks by attached pumps, 
and it is easy, of course, to attach bilge pumps to the main 
shaft, so as to permit disuse of the auxiliary engine, except at 
night. 

In the photograph the framing appears to be light, but it 
is of such rigid construction and so well tied together as to 
show not the slightest vibration when running full power. In 
fact, the appearance of the motor impresses one with its won- 
derful compactness and mechanical excellence, and as this 
type and size has no rival, in actual service at least, the 
JOURNAL is free to praise its good points without fear of its 
being marked “ proprietary.” 

The conditions here more nearly approach those obtained in 
the steam engine than they do in the single-acting type, each 
cylinder receiving one impulse downstroke and one impulse 
upstroke in two revolutions or four strokes. 

A double-acting type of internal combustion motor on the 
two-cycle principle would exactly simulate the power strokes 
of the steam engine and give an impulse to every stroke. 
This arrangement has been designed, and is already in suc- 
cessful operation in a small powered motor on shore recently 
examined by the writer, and a section of this design is also 
illustrated in figure 4, from which some interesting points will 
be observed. 
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, Fig. 4.—Dous.E-AcTiInG Two-Cyc ie. 
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The particular motor examined was running on ordinary 
kerosene, the primary heating up of the carburettor 
and cylinders being done by gasoline, using the latter for 
about five minutes before switching off to kerosene. The 
operation was absolutely without omission of any explosion 
and the regularity of the running was marked. This en- 
gine has been only recently perfected, and is the design of 
Messrs. Messimer & Kennedy of New York, who have given 
the motor the title of Forex. 

Aside from the fact of its being a double-acting motor it 
has a separate mixture cylinder and piston for positive de- 
livery of a fixed charge at each stroke, which obviates much 
of the former trouble with two-cycle engines, where the en- 
trance of the new charge is frequently hampered by the 
obstruction in exit of the products of combustion of the 
previous charge through the impediments due to muffling. 
This is a serious point; but in the present case the charging 
piston has opportunity to draw in a proper amount during 
each entire stroke, and this new charge must be fully 
delivered to the power cylinder at each stroke, so that 
the charge of fresh explosive-mixture is delivered from the 
pump cylinder under just sufficient pressure to drive out, in- 
stantly, the products of the previous explosion in that end of 
the cylinder. The inlet and exhaust ports are uncovered and 
covered by the piston, making the piston its own valve. 

Between the pump and power cylinders there is a positively- 
operated balanced-piston slide valve controlled by a governor 
which simultaneously cuts off the delivery to the power cylin- 
der and throttles the suction of the pump cylinder, thus con- 
trolling the amount of mixture delivered to the power cylinder. 

It will be seen that this motor, with its few parts and its im- 
pulse at each stroke, can be built of very light weight for 
horsepower developed, and it would appear that there would 
be no necessity for having the usual fly wheel on such a 
motor with four or more power cylinders ; in which case a 
very considerable further deduction in weight is secured. 

Figure 5 shows a design of this type for small motors 
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where a single-acting mixture pump is worked on each piston 
rod of the power cylinders, each pump supplying one end of 
each power cylinder, the latter being cranked at 180 degrees: 
but this type has not been actually built, as far as I am in- 
formed, and is presented here merely as a matter of engineering 
interest and the possibilities connected with it. 

As to the probable increased cost of fuel consumption of 
l 








Fig. 5.—DoustE-AcTING Two-CycLE. 
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this type over that of a double-acting four-cycle type per ac- 
tual output, no reliable data has as yet been secured, but 
there are considerations which would point to compensa- 
tion for some increase in fuel cost by advantages otherwise 
gained, and the development of this design will bring the two- 
cycle marine motor into a decidedly more competitive form 
than it has ever before presented. 

While mechanically the marine internal-combustion motor 
has already been brought to a very perfect construction, we 
must all recognize that there is still yet very much to accom- 
plish in the way of improving its economy by utilizing the 
great heat wastes now lost through the exhaust gases which 
are thrown away at very high temperatures. It is along these 
lines that we may expect very early and ingenious improve- 
ments, especially where the installations are large and in- 
clude necessary provisions for auxiliaries of cruising vessels ; 
but there is no reason to imagine that the American engi- 
neers shall not be ahead of the world in all the additional re- 
finements, which will magnify the importance of this class of 
machinery and increase its general utility and efficiency. 


WEIGHT, POWER AND COST. 


When David wrote, ‘I said in my haste all men are liars,” 
he naturally had no reference to the makers of gasoline 
machinery, but when it comes to securing information regard- 
ing weight and power output of these motors from the build- 
ers, the variance of the figures generally given and those 
obtained after delivery by actual weighing and testing is so 
great as to make it probable that he would not have qualified 
his expression in any greater degree than he did, had he lived 
at the present time and had had business connections in this 
field. It is owing to this uncertainty as to the weights and 
horsepower of the gasoline motors on the market that it is 
impossible to give close figures on these points beyond those 
for the motors actually purchased and installed. 

The necessity thus far for having a heavy fly wheel on sin- 
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gle-acting motors has been a more serious addition to motor 
weights of the smaller engines than it has to the larger ones ; 
and while many statements are made to the effect that this 
class of machinery can be built at about twenty (20) pounds 
per brake horsepower, this low limit has not materialized as 
far as I am informed, although a contract has been made with 
the Brownell-Trebert Company to furnish a 75-horsepower 
motor at approximately that weight. Generally speaking, 
the makers have catalogued the weights of their motors net, 
without fly wheel or any other necessary attachments, and 
they have also indicated their horsepower output from cylin- 
der measurements and not by accurate tests. This does not 
apply to all the makers, although it includes a very great 
percentage, but we are able to give some accurate figures on 
some of the construction which have been selected for naval 
installations. Also, by means of a recently-developed water 
brake, the horsepower can be recorded with great accuracy, 
even with high-speed motors of small size, so that we have at 
least the brake horsepower available, and can with sufficient 
approximation factor for the indicated horsepower. 

The weight and power of motors shown in the photographs 
opposite pages 1056-57 prove to be as follows: The 12- 
brake horsepower motor for 20-foot whaleboat weighed: en- 
gine, including fly wheel, 504 pounds; propeller shaft, pipe 
and fittings, 98 pounds; batteries and coil, 62 pounds; mak- 
ing a total of 664 pounds for machinery proper, the gasoline 
tank not being taken in consideration any more than would 
be a coal bunker of a boat. This gives a machinery weight 
of about 55 pounds per brake horsepower and is actually of 
very light construction, as may be seen from the photograph. 
The weight of the 10-horsepower motor installed in 28-foot 
whaleboat is: engine and fly wheel, 627 pounds; propeller 
shaft and coupling, 76 pounds; pipe, batteries and other fit- 
tings, 112 pounds; or a total of 815 pounds, making a total 
weight of about 81 pounds per brake horsepower for complete 
outfit. 

When it comes to the larger sizes, the weight per brake 
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horsepower falls off considerably, and we find that the details 
of the motor for the 300-horsepower single-acting motor in 
the 60-foot Indian Head boat weighs: engine and fly wheel, 
9,661 pounds; pumps and piping, 418 pounds; shaft, pro- 
peller, bearings and stuffing boxes, 1,732 pounds ; compressed- 
air tank, 537 pounds; auxiliary engine and piping for com- 
pressed-air tank, 310 pounds ; making a total of 12,658 pounds, 
or about 40 pounds per brake horsepower. 

With double-acting motor this weight is obviously reduced, 
and in the present construction illustrated, the weight ap- 
proximates 35 pounds per brake horsepower for complete in- 
stallation; and as the powers advance in single units it is 
within the certainties that a substantial 1,000-horsepower in- 
stallation can be built at a weight of 30 pounds or less, per 
brake horsepower. As no schemes have been developed 
regarding the provisions for the auxiliaries and dependencies 
necessary for machinery installations for cruising vessels, 
comparisons can scarcely be made with anything beyond the 
torpedo-boat class at this time, but it is conservative to say 
that a saving of weight for total machinery outfit in such 
vessels by the use of explosive-mixture motors and liquid 
primary fuel, not requiring producer, would average 25 
pounds per indicated horsepower, and also highly probable 
that with the use of producer there would still be a margin of 
at least fifteen or twenty pounds per indicated horsepower. 
The average weight of machinery plant of torpedo-boat class 
at present is about 55 pounds per indicated horsepower, and 
the weight saved by the new installations applies also to 
reducing space occupied. The difference in weight, can, 
therefore, either be utilized by increasing fuel-carrying 
capacity or in decreasing displacement of vessel. In any 
case, the radius of action of the vessel is largely increased, 
weight for weight, as, even with coal and producer, the gen- 
eral running economy will be increased, and the saving in 
fuel now used for stand-by purposes and getting up steam 
will add to the amount available for cruising; while with 
liquid primary fuel, weight for weight, the cruising radius 
will be more than doubled. 








1056 EXPLOSIVE-MIXTURE MOTORS. 


In view of the above, there is no temptation for builders of 
this class of machinery to sacrifice in any degree the elements 
of durability and rigidity, and the most advanced builders of 
these motors are now fully alive to the superior importance 
of durable construction over extreme lightness. 

As to the cost of this machinery, it, at present, has no scale 
of comparison, each maker fixing the price of his motor in 
accordance with the class of workmanship and material put in 
it. Two-cycle motors of low power can be bought for a song, 
while the present price of a 500-horsepower double-acting 
motor of the Standard type, complete, will cost about $15,000. 
The prices paid for the motors purchased and installed at the 
Norfolk Navy Yard during last year were: 300-horsepower 
motor for Indian Head launch, $7,850; 25-horsepower motor 
in Sylph’s launch, $1,210 ; 12-horsepower motors for Sy/ph’s 
tender and 20-foot tender (Norfolk), $910 each, and for the 
10-horsepower motor in 28-foot whaleboat $755. These 
prices represent probably the highest figures, as the motors 
were subjected to special and rigid requirements. With ad- 
vance in construction, increased facilities and proper compe- 
tition, the cost undoubtedly will fall, until proper specifica- 
tions can be carried out at a uniform and fairly low cost. 


FUEL. 


The fuel question obviously is the vital one in connection 
with the substitution of explosive-mixture motors for steam 
engine. Gasoline is an ideal fuel for the practical operation 
and retention of light construction in this class of machinery, 
with alcohol-gasoline mixture and kerosene closely following. 

We may assume that gasoline can be safely carried as fuel on 
shipboard, as it is merely a matter of care in construction of 
tanks and fittings and attending to readily-provided guards 
against the now well-known conditions of danger. But as to 
the cost, its use faces a less controllable state. Assuming 15} 
cents per gallon gasoline and 3 dollars per ton coal as fairly 
comparative current prices, and also that we can, with proper 
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carburition, certainly obtain an indicated horsepower on at 
least one pint (or ? pound) of gasoline per hour, we find that 
the cost per I.H.P. per hour for gasoline will be slightly less 
than 2 cents, while that for coal will be less than } cent, 
this allowing a liberal rate of coal consumption under average 
and usual conditions. 

At first glance this appears to render gasoline prohibitive, 
and for large vessels and high powers, when the increase in 
demand would soon raise its market price even higher, it is 
actually so; but in the torpedo-boat class we have very dif- 
ferent conditions, and the offsets against the excess in first 
cost of fuel bear a far greater proportion to the annual coal 
bill than they possibly can do in battleship or cruiser. The 
savings due to a decreased engineer’s force, decrease in fuel, 
expenditure for “stand-by” purposes, decrease in cost of re- 
pairs and upkeep (in which retubing of boilers about every 
three years is a tremendously large item), and decrease in in- 
terest on cost of plant are so serious as to strongly support 
the assertion that the annual cost to the Government for a 
gasoline-motor torpedo boat will not at all exceed that of the 
steam-driven vessel of same type and power. But even should 
the actual cost be somewhat greater, they will never be incom- 
mensurate with the advantages gained in rendering these 
vessels infinitely superior for naval purposes, and any one con- 
templating the great objections to steam machinery on these 
vessels can readily realize that torpedo boats using gasoline ma- 
chinery would have advantages against which the actual cost 
of the fuel should have no possible weight. Most of these 
advantages also attend upon the use of such motors in ships’ 
launches and tenders where immediate availability is fre- 
quently a vital necessity, and where the boiler integrity 
is always one cause of anxiety, expense and uncertainty. 
Also the weight question in such boats with gasoline ma- 
chinery is very seriously in favor of the latter, as the machin- 
ery outfit for a 40-foot cutter of 50 horsepower weighs about 
100 pounds per horsepower, while that of the gasoline motor 
outfit need not be more than 4o. 
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We have, therefore, most serious considerations pointing to 
the desirability of immediate use of gasoline or liquid pri- 
mary fuel motors of the explosive-mixture type for torpedo 
boats and ships’ launches, and this without giving but second- 
ary thought to the actual cost of the fuel. Where there are such 
paramount advantages gained and such serious objections 
removed, in connection with any naval outfit, the question 
of cost must necessarily be secondary; and with merely such 
adoption it is quite fair to assume that the increased demand 
for this liquid fuel would not create any great disturbance in 
the market prices. 

With the prospective decrease in cost of alcohol, it may be 
possible to reduce the fuel cost by using a most efficient 
mixture of alcohol and gasoline, but no doubt it will be several 
years before the denatured alcohol can be secured at as low as 
10 cents a gallon. 

Kerosene is perfectly available for use in these motors after 
primary heating and is safer to carry than gasoline, but is 
governed by the same probabilities in raise of price by in- 
creased demand and the same lack of unlimited supply. 
This product being cheaper, however, than gasoline, would 
probably be the most advisable fuel to use in bulk, the vessels. 
or boats carrying sufficient gasoline to start the motor and 
acquire the proper warmth of carburetor and cylinders to 
permit the switching off to kerosene. The dangers attendant 
upon the carrying of gasoline, however, have been greatly 
magnified, and with a careful development of tank construction 
and absolute integrity of piping, there is no plausible reason 
for accident. The proportions of air and gas for explosive 
mixtures are well understood, and a proper prevention of the 
accumulation of such within the confined spaces of the ma- 
chinery department, and proper precautions regarding use of 
open lights, etc., in such places are easily carried out. 


SUCTION-GAS PRODUCERS. 


For larger powers and more extended use of this class of 
motors we must still look to the great coal fields of the world 
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for fuel supply; and in doing this we must perfect the coal- 
gas producer for suction gas, so that we can have a marine in- 
stallation fit for utilizing bituminous coal without excessive 
weight or exacting attendance. A suction-gas producer has 
been perfected for small powers by Emil Capitaine, of Frank- 
fort-on-Main, Germany, for the use of anthracite or coal in 
























































Fig. 6. 


lump, and has shown an economy of about 1} pounds of coal 
per ILH.P. per hour for small motors, which is practically 
less than one-half that used in small craft in our service. No 
records are available at this writing of consumption or use of 
this particular installation beyond 50 horsepower, although 
the installations are listed up to 600 horsepower by the 
Thornycroft people, the agents of the inventor. This pro- 
ducer is very compact and simple, and is illustrated in Figure 
6. Here the retort or gas generator A is fed in hopper form 
with anthracite coal, while the evaporator B is built within the 
hopper, this evaporator furnishing the necessary steam for the 
mixture with air for the combustion chamber and generation 
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of gas. ‘The ordinary scrubber is dispensed with, and the gas 
as it passes over into purifier C, which is diaphragmed as 
shown, is washed or purified by nebulized water sprayed in 
the first uptake of the purifier, there being ‘small centrifugal 
pumps on the engine shaft which supply the purifying water 
and remove the surplus. The gas passes from the purifier 
C directly into a centrifugal separator E, which removes the 
moisture, tar and particles of ashes effectually ; this centri- 
fugal separator also acting as a pressure drive for the gases to 
the engine, adding materially to the efficiency of the delivery. 

Suction-gas producers for bituminous coal are in extensive 
use in large shore plants, but their efficient design for marine 
plants, where questions of weight and space are important, has 
not been perfected at this writing. Attempts have been made 
along the lines of suction-gas producers using low-grade pe- 
troleum oils in practically the same manner as noted in the 
Capitaine producer, but wherein the low-grade oils are spray- 
ed into a previously heated retort, and their partial combus- 
tion therein maintaining thereafter the proper degree of heat; 
the generation: and washing, etc., of the gases being carried 
on in a practically similar manner as noted, although not 
identical in construction of apparatus. This, so far, has not 
been perfectly successful, although certainly possible; and with 
the perfection of such an apparatus and the producer itself 
much lighter than where the fuel is used in bulk, the cost of 
fuel would be about one quarter of that of gasoline. 

The development of a proper and satisfactory marine pro- 
ducer for bituminous coal or for low-grade petroleums is 
merely a matter of mechanical ingenuity and experiment 
with unquestionably a very early accomplishment. There is 
a strong probability that the coal producer will follow the 
lines of using bituminous coal in powdered form (a form in 
which we receive about three-quarters of our bituminous coal 
anyhow), and have it delivered to the generator by jet or 
“spray,” and not in bulk; and the perfection of this would 
produce an ‘apparatus far more satisfactory and lighter than 
any coal type yet devised. The field is open to all students 
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and affords certainly a most interesting subject for the in- 
ventive engineer. 

It would seem a most advisable course of naval procedure 
to enter into the use of the explosive-mixture motors and 
development of auxiliary installations, at least in the torpedo- 
boat class, as early as possible, not only to be in a position to 
advance its engineering features by general practical study of 
the subject in anticipation of more extended use with coal 
producers, but also to familiarize the engineer’s force with the 
care and manipulation of this machinery and in the perfecting 
of carburition, by which the economy of such motors is alone 
controlled. That a considerable initial expense should be 
incurred in this advance, which might be criticised by those 
who fail to see the great significance of the change or to 
properly understand the immense advantages resulting from 
the innovation, is to be expected; but there can be no two 
sides to the importance of such advantages, especially in naval 
construction, and long delays awaiting greater perfection by 
builders of such machinery and outside experimenters is cer- 
tainly inadvisable. 

It should also be kept in view that the primary object to be 
attained in the adoption of explosive-mixture motors is not 
that of increased speed, but, rather, the securing of an ever- 
ready engine. The popular notion of a gasoline boat is one 
with head up and tail down, carrying the bow wave of an 
ocean liner and leaving a trail of spray a mile behind, and it 
is this craze for speed which has not only overpowered many 
good boats, but has given the subject an unsatisfactory status 
with many who have overtaxed their outfit and have found 
the fuel cost exorbitant. 

In launches and ships’ tenders especially, with a proper 
consideration of economical speed and the installation of motors 
of suitable power only, there would be less occasion for hesita- 
tion on the account of cost of fuel, and there would also be an 
earlier appreciation of the immeasurable advantages of the 
motor-driven boat. 

While this article treats of the marine motor only and the 
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writer’s optimistic views of its future, there appears in the 
horizon a “ Bird of Prey” which opens up a startling aerial 
prospect for motor-driven air ships with their still vague but 
nevertheless portentious possibilities as war “ Vessels on the 
Wing.” We, therefore, have this class of engines as a study 
in line of duty as well as one of great mechanical interest, and 
the naval engineer should surely be in the van of its devel- 
opers and of that of economical utilization of the available 
fuels of the world. 
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U. S. S. MILWAUKEE. 


DESCRIPTION AND OFFICIAL TRIAL. 
By LIEUTENANT E. P. Jessop, U. S. Navy. 


The Mtlwaukee (Protected Cruiser No. 21), built by the 
Union Iron Works Co., San Francisco, California, is one of 
the three protected cruisers authorized by Congress in an Act 
approved June 7th, 1900, and the last to have her trials. 

The contract for the Mz/waukee was signed on the 17th of 
April, rg01, and provided for the delivery of the vessel to the 
Government within thirty-six (36) months from that date, on 
or about the 17th day of April, 1904. This time was extended 
by the Department at three different times, making a total of 
twenty-four and one-half (244) months’ extension, and bring- 
ing the date of completion up to May 7th, 1906, but on ac- 
count of the recent earthquake a further delay was asked for, 
which has not yet been decided upon. 

The contract price for this vessel, exclusive of armor and 
armament, is two million eight hundred and fifty thousand 
($2,850,000) dollars, of which one million two hundred and 
. forty thousand ($1,240,000) dollars was allotted for the build- 
ing and installation of the machinery. 

The guaranteed speed is twenty-two (22) knots per hour 
for four consecutive hours, on a mean draught of 22 feet six 
inches, corresponding to a displacement of 9,700 tons. The 
designed horsepower is about 21,000 collective horsepower of 
the propelling machinery at about 133 revolutions per minute 
of the main engines. 

Failure to reach the guaranteed speed, as above stated, en- 
tails a penalty of $50,000 per quarter knot between 22 and 
214 knots, and a penalty of $100,000 for each quarter knot 
between 21} and 21 knots. In case of failure to reach a 
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speed of 21 knots it was optional with the Secretary of the 
Navy to accept or reject the vessel, with proper reductions in 
price in the former case. 

The keel of the Mt/waukee was laid July 30, 1902, three 
months and thirteen days after the signing of the contract. 
The hull was launched September 10, 1904, two years four 
months and twenty-three days after the signing of the con- 
tract and two years one month and eleven days after the lay- 
ing of the keel. 


HULL DATA. 
Length between perpendiculars, feet........:...000...ssscccsscccsrossescssscsees 424.0 
A I I oo oo scccideans crs acecidebaanes edvectncetansine 424.0 
OVOT GEL, THOE ANG TNCHEE .........soccdcccccesscsncscasoes caseeaccecescesses 426-3 
I I arta cleans cist ctmindad dabieasbbeiascemonsckekdimdevescys 66.0 
at load-water line (22 feet 6 inches), feet...............c0:secececeeeee 66.0 
Draught, mean, normal, feet and inches.. poses piebaabatehaceeenskes 
per inch, at L.W.L.(22 feet 6 inches), ‘etia.. RANT eana Ae 44.6 
Area immersed midship section, square feet...........cceccccsceerseseeecceees 1,305.0 


ELECTRIC GENERATING PLANT. 


The electric generating plant consists of two 10o-kw. and 
three 50-kw. machines, in two rooms, one above the other, just 
‘forward of the forward fireroom. ‘The upper room contains 
the switchboard and two s50-kw. machines and the lower con- 
tains two 100-kw. and one 50-kw. machine. This plant has 
its own condenser and air pump. 


DYNAMOS. 


The engines are of the Union Iron Works design and 
manufacture. They are the cross-compound, vertical, semi- 
enclosed type, fitted with the “wick” or gravity system of 
lubrication. 

The dynamos, also of Union Iron Works design, are of the 
direct-current, compound-wound, multipolar type. 

Operating at full load the water consumption of the dyna- 
mo-engines is about 32 pounds per I.H.P. hour. The com- 
bined net efficiency of each set about 83 per cent. 








VENTILATION. 


S\i6 Blowers. Motors. Location. o we 
am) con aan istapshicie nae teaecaadigiace sate 
$\8 aie 5% 
Ar: Rev. | Cap. ¢ a &, 3 Deck. Compartment. |= = 
>a i aS 
; ro aie “im. 
aler a — , 0-6  Encl.| 46-47 Gun-d. St. S. Berthing. 74 
3,10 ee sa a 0.8 Open 55 Gun-d. St. S. Berthing. 8} 
3\11 “yo on 4 0.8 Open) 59-60 Gun-d.C. L. _Distil. room. 83 
mee § 
3/13 ae act A 0.8 | Open | 75 Gun-d ports. _ Passage. 8} 
| y) F930) | 943.1 or! Open! 11 Gun-deck. Berthing. tot 


4,1 1,390 1,16014 
4|16 1,130 943! | 1.1 | Encl. 72-73 Berth-d. ports. Eng.-r. hatch. 1oj 


1,390 1I,16014 
4\17 a » Teas 1.1 | Encl.| 80-81 Berth-d. ports. Eng.-r. hatch. 10} 
4'18 a  aaes 1.1 | Encl.| 80-81 Berth-d. ports. Eng.-r. hatch. 10} 
4/21 gh a td 1.1} Encl,| 88-90 Upper ptf. Blower room, 10} 
422 an » ae i 1.1 | Encl.| 97-99 Upper ptf. Blower room. 10} 
6 4 ia 2 sBoltt 2.5 Encl. 27-29 Protective dk. Passage. 15t 
351 8 np pga. 2.0! Open! 35-36 Gun deck. ‘Berthing. 15+ 
35\12 an rig 2.0, Open 67-68 Gun deck. Berthing. 15t 

TOWS) 147251 | 2.0 Encl. 97-99 Lower ptf., C.L./ Passage. 15+ 


35/23, 1,240, 2,110 14 


35/24 nyt pe 2 2.0 Open |103 Upper ptf., P.S. Steering room. 152 


335/25 Puen gine 2.0 Open 111-112 Berth deck. Passage. 15+ 
45.3 Be eee ty 30 Emel. 27-28 Prot.-d. St.S. Nr. P. O. Qrs. | 18 
45 7) S37 Serelsa 3.0 Encl. 34 Protective dk. |Nr. P. O. Ors. | 18} 
45/26 $e7 sea 3.0 Openi12  Berthdeck. ‘Passage. 18% 
™* ed eal 4.0' Open 15-16 Berth-d. St. S. Crew’s qrs. 22 
5° 9 ne aed 4.0 Open 52 Gun-deck. Berthing. 22 
60 5 a | 7 aaoltd 7.0 Open 31 Hold St. S. Dynamo room. 28 


60, 6 5! 6,400)1 | 7.0 Open | 31 Hold port side. [Dynamo room.) 28 


675 7.840114) 
Gol1g, 55% | 4001 |. , Encl.) 83-84 Upper ptf. St. S.|Engine room. 28 
19 os, 7,840 19 3-84 Upper ‘Engi 
6020, =. | ois 4 7.0; Encl.| 83-84 [Upper ptf. P. S./Engine room, | 28 
70\14| poe ae .5 | Open| 70-72 Berth deck. Passage. 32 


470 | 8,420)1 8 


70\15| 577 |10,300174| 5 | Open| 70-72 |Berth deck. |Passage. 32 
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The ventilation is very complete and is divided into twen- 
ty-seven systems, as shown in the preceding table. 





ARMAMENT. 
: : ai | a 
2 4“ jgi¢ 
* | Cal. or kind. Bs . = Remarks, 
: s |8/3 
i} = ‘ee 
Z ©) ala 
14 6-inch VIII | VI| X | Mod. 2. 
18 3-inch III II | IV! Pivot stands, Mark I, Mod. I. 
12 3-pdr. IV -- | V_| 80m rail sockets, Mark II. 
8 I-pdr. VIII .. | VI} 40n cage stands, Mark II. 
2| 3-inch F. G. |I Mod. I,! ... | ... | 60m cage stands, Mark III. 
2 Cal..30 | Gatling |... | ... | 20m rail sockets, Mark III. 
4 Ca...90 |. Col «++ | ss | On field carriages only, Mark II. 
7 I-pdr. ger: ... | «ee | Cage stands, Mark III. 
250 Cal..30 | Rifles |... | ... | Cage stands, Mark III. 
100 Cal. .38 | Revol |... | ..| With sleeves but without mounts. 
7 Cal. .45 | Rifles 


10 Cal. .22 Rifles 


COAL-BUNKER CAPACITIES. 


Measured to 6 inches below bulb of deck beams, at 43 cubic 
feet per ton. 


Lower Bunkers. Upper Bunkers. 
B-5 76 tons. B-102 104 tons. 
B-6 76 B-103 104 
B-7 110 B-—106 IOI 
B-8 110 * B-107 IOI 
B-9 122 B-110 105 
B-10 122 B-111 105 
B-11 120 B-114 64 
B-12 120 B-115 IOI 
Total 856 Total 785 


Total bunker capacity, 1,641 tons. 


PROPELLING MACHINERY. 


There are two 4-cylinder, vertical, inverted, direct-acting, 
triple-expansion propelling engines placed abreast, each in its 
own watertight compartment, separated by a center-line bulk- 
head, through which is a communicating door. 
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The engines are right-and-left and are arranged to turn out- 
board when going ahead. The designed power of the main 
engines is 21,000 I.H.P. at about 133 revolutions per minute, 
with a steam pressure of 250 pounds at the high-pressure 
valve chest. 

The valve chests are arranged to draw all valves from the 
top for examination. 

The order of cylinders, beginning forward, is as follows: 
Forward low pressure, high pressure, intermediate pressure, 
after low pressure. The crank shafts are forged with the for- 
ward low-pressure crank and the high-pressure crank (which 
form the forward section of the complete crank shaft) opposite 
each other, and with the intermediate-pressure crank and the 
after low-pressure crank (which form the after section of the 
complete crank) opposite each other, the first mentioned pair 
being set at right angles to the last mentioned pair. The 
crank sequence when the engines are going ahead is then: 
High pressure, intermediate pressure, forward low pressure, 
after low pressure, with a uniform angularity of 90 degrees 
apart. 

To provide for the framing and bracing of the main engines 
the four cylinders of each engine are supported on twelve 
forged nickel-steel cylindrical columns, having swells and 
facings for the athwartship and longitudinal braces and tie 
‘rods, and flanges at top and bottom for securing to the cylin- 
ders and bed plates. Athwartship, between each pair of front 
and back columns, is fitted an X-brace, with a horizontal tie 
rod through the center of the X, on which are lateral distance 
pieces. Longitudinal stiffness is provided by diagonal tie rods 
on the outside of columns, front and back, one from top of 
first to foot of third column, bolted at center boss of second, 
and a similar one for the fourth, fifth and sixth columns. On 
the inside of the front columns at the center is secured a hori- 
zontal fore-and-aft tie rod, on the inside of back columns at 
center and top are fitted horizontal I-beam stiffeners to which 
the ends of the crosshead guides are secured. Additional stiff- 
ness is given to the engine by athwartship ties between pads 
on the cylinder bases of the two engines. 
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The valve gear is of the Stephenson type with double-bar 
forged-steel links. 

The maneuvering of the engines is controlled by a steam 
reversing engine for each, of the floating-lever type, and car- 
rying a control piston in an oil cylinder, giving steadiness of 
motion and allowing for hand operation by means of an oil 
pump. Independent cut-off blocks are fitted, one for each 
link, in the arm of the reverse shaft, giving a range of inde- 
pendently adjustable cut-off, from 0.5 to about 0.85 of the 
stroke. 

Each engine is fitted with an unbalanced angle throttle 
valve having a clear opening equal to 13 inches in diameter, 
and operated by toggle gearing. 


ENGINE DATA. 


Sy rderd,. MUO TOG GRE CUMINE. oes cccsccesisscnccssccessccoescceceseceses 4 
H.P. cylinder, diameter, inches.........00 .....000- cesses sevees 36.0 
LP. CPMMGOr, GOMISTET, IMENOB nonce. 0.0000 ssceseesee-vencesce 59.5 
LP. cylinder (2), Gimmieter, IGN0S........cccccscoseccvsseccecse 69.0 
ete te OE, I Win cara cecsass scnceceanscasciaocsiecerass geeese 45.0 
Varves, E.P. €y elem TEP. CyMOer), ICOMOS... nse ccccecsccccsesyecoees 22.0 
C0 EEF. ICE) SID sitcctnceanbicssescnnisatsnvede 25.5 
(2 Gnett LP. GeMRGOl), TCREE... ..2..crcccccencrocssectsesece 25.5 
ee SE, Song a han cinsaccsddeihipebubasdeascsdhiewhoes 3t 
CI WING, SHRINOG 55h sss dnrecii cece cc canecsseiesivcecces 2.0 
SE I SE oii iis csensaccdencsieriaccats crncevnearconse 1} 
Main steam pipe, diameter at throttle, inches.................s:sseeeeees 13.0 
area of cross section, square inches..............+++. 132.73 
Volume swept by H.P. piston, mean, per stroke, cubic feet........ 26.073 
I.P. piston, mean, per stroke, cubic feet.......... 72.409 
L.P. piston, mean, per stroke, cubic feet......... 194.754 
Bee te Bie EP. Gir Bice cy CUB cicicsetinceceinies, qooscensennsws «++ 2.7316 to I 
Bie a ECE > OPN, BUM asecensncsincrsuscicceesseseddvasoeves 7.3373 tor 
eee a; GIN, TO aii 05 oe sis sdb nisceenchvevosssteviesesses 8.0 
of axial hole, H. P. and I.P., inches......... 4.0 
ii <5: Mic asshakgessaeceberenia 5.0 
RO, TNO BIN TRIO 5c veses bransenetscseadnecesotecessses 9-24 
Cylinder walls, thickness, inches............H.P., 24; I.P., 18; L.P.. 14 
liners, thickness, inches.............. LF .; 2422. 15 4.P. 8 
Valve-chest liners, thickness, H.P. and I.P., inches.................. 12 
Dip hg NN Sarin dg ntact sesaonncdepeiennss I¢ 
NUTONE MINED cc cuit loiendcedadisigessnsets otienlewstarend dnietetatoseaesiok of 


Cylinder relief valves (2 each cylinder), dominate, inches........... 4.0 
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Valve-chest relief valves (1 each I.P. and L.P. valve), diameter, 


PIII oc cseipscads, Suiscinnencecsecentipicsnonidanection conketeamiencots 4.0 
Connecting rod, length, center to center, inches..................00.008 90.0 
diameter, upper end, inches............. .......2200000 8t 
SE BT oivneckwincsivde cnoceuivace 9# 
ental Deis. TEP. Se oc cs cikcovcnes 14 
Bi oe: PU ctih dae ves dennceane 4.0 
LioMi cy, MMO stctbvcesacqencensne 5.0 
Connecting-rod crosshead bolts (4), diameter, inches.................. 3t 
axial hole, diameter, inches........ 14 
Crank-pin bolts (2), diameter, inches................ce-cccsscosccecsssssees 4t 
axial hole, diameter, inches................ccesessssceees I} 
Crosshead slipper, surface, ahead, square inches...................00008 732.0 
backing, square inches ...............eee« 412.75 
EME, EOE: TI 5 sss n cones sicencnscngeitsacons stdaubanbane 10} 
of axial hole, tapered ends to center..... 6 to 2 
Demeptlt: OVEE GIL, HICIIED. ....-....00006:ckesxscesesesrecsnsines 36.0 
each side crosshead, inches...................+ II.0 
Crank shaft, number of sections each engine....................seeeeeeee 2 
COR CI isvndiie cases nnd Seatcescccatenbic bees scbatvaceces 18.0 
OE HI, SII sii pe nccn ke cata costes dadacctansens 12.0 
coupling discs, inches.................2.ssscesese 32.0 
thickness, coupling discs, inches......................0:00 3% 
coupling bolts (8), inches.......... 10$x3$ 
journals, diameter, inches............000....0.4 ipaneenicnaae 18.0 
DEEN, WEEMIEE.. crocesescsaciecsgeabonesess 5 of 22, 1 of 304 
length, forward section, F.L.P. and H.P., feet........ 17.0 
after section, I.P. and A.L.P., feet and 
SERGE SARE suconenmisieena 6-44, 5-8, 5-10, 5-8, 5-8 
Ss I BB oc nisnses scaccsinncececeustapssnspepocenstborionsvoes 184 
PI SN Sid etigerdn eso ocacevsnncancnancaobhcscsaneoumenteyes 22.0 
projected area, square inches.............0c.ccesccscccsesseseee 407.0 
GI. OES, GUANO, SIIENIOD iin cn cienciascccosseecccensecsicn 12.0 
I, Rs a vacecnc lhc cacincgsndc vices sasaussceoksacestenbieneass 20.0 
SIU oi sicincccccbe-epieneacaasananticdasbdecvansevee 11% 
Tisreat Sie: CIE, WEB iii ia sacsciinccs. sscoinssnaccncotinnbistebeckinnee 173 
EET TD, TINE cca cee iedensccventcskecvictes 114 
SOUT, TUE BN NO novi ctciiccccteas d hossccsnuapasbaackeds 13-06 
RAE WOREEIIE, IROIO win. sone socencoszaensecnedneiensnion . 18.0 
collars, number on each shaft.......0. ccecessscccseceseecees 13 
SN, IU cides ccdcaxchicdiccssetanisebecndiperidpacontnn we 
ii ends since scsintnte sensenndiccbivencceebaainer 2t 
Spee HEtween, MCHES. .60c.sesccccovese-cnusnnsince sedénesessns 5.0 
horseshoes, number each engine..............scsceeseeees 12 
total ahead surface, each engine, square inches...... 2,568.0 
total backing surface, each engine, square inches... 2,568.0 
steady bearings (2 each), length, inches................ 18.0 
diameter, inches....... Ue ea Mn sett ional: hinmnanameaaeerees 17t 
Line shaft, diameter, inches............cccccccss cecesssseeee eds dnaebiguien ee 17.0 
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Line shaft, diameter, axial hole, inches.....................sesesssessceees II.o 
coupling discs, forward, inches..............++ 32.0 
GEE; FUG, co cisvcnntevertanss 32.0 
bolts (8) flanges, inches 2 
NER FE cies pc-cisescecenee Sahaaeiesenheassovanaseadiooraeetés 21.0 
Stern-tube shaft, diameter, inches............ —ohinini sccpabbusaetbonbesciala 18 o 
EE I, MI a scnsncdasa sneer. conukane II.o 
DRIER, TUE GIN TICES aay sc sinc cscs csccsccqeesccseosens 32-074 
Propeller shaft, diameter, in strut bearing, inches...................0+ 18.0 
axial hole, inches..............0.. Reapccaieniies II.o 
length, feet and inches..............cccessccsssssssee-eee2 36-06.0 
Inboard collar coupling, diameter, inches...................4. bebe ices 334 
I MIND, 5c). ciunsaptdspaniinecsvopanereses 174 
it I CIE oo. coccvcetocueses 14.0 
keys (4 each shaft), inches.................. 16x24x2 
Outboard coupling, diameter, inches..................sssccccsssscsssscesees 253 
taper to center, I inch per foot, inches......... 18 to 153% 
keys (4 each shaft), inches.................sscceees 324x24x1I4 


Outboard coupling, through gibs (2 each shaft), inches..........28}x3}x 10x84 
length over all, feet and inches..............0«. | 7-09.0 


Stern-bracket bearing, diameter, inches....................ccscseeseeeeeees 20.0 
NN EE POE REEL eRe 5.0 
Stern-tube bearing, after, diameter, inches.....................c.0e-ee000 20.0 
length, feet............ hineshaenbbinntitetesnnts 5.0 
forward, diameter, inches....... ......ccsccceeseeees 20.0 
length, feet and inches.................cccscsseecesees 3-06.0 
Reversing engine, diameter of steam cylinder, inches................. 15.0 
oil cylinder, inches........... aiebnciooen 074 
I MR iides déniens anne cepabenns deteveecenonsdabess 214 
Turning engine, diameter of steam cylinders (2), inches............ 06.0 
NN III ibe «ss. cnnosenceanouedamadiatinncar danaanen 06.0 


VALVE-SETTING DETAILS. 


H.P. 1.P. L.P. 
Travel of valve, inches................. 5 5 5 

Steam side of valve..........00..sscesseees Inside. Outside. Outside. 
Top. Bot. Top. Bot. Top. Bot. 

Width of port, inches.................... 4 4 4 4 4 4 
Steam lap, inches........0.cccccccess-o00 1$4 Ios 2% ai 2°, | 225 
pO Ten tats | +44) +4 +5 1% 
Angular je aon aa toe: ae 8” | 39° 36” 45° 25’ 
Steam leads, angular, degrees... isnt 74 123 8 134 9+ 154 
linear, inches ........... $ I Ys I 3 115 

Cut-off, maximum, inches.............. 39% | 388 | 322 29 28% 25+ 
decimal of cave ricecnaute 875 .844 | .719 .685 | .638 | .562 
Exhaust release, inches........... sncineet ie 43? 42 41% 412 42} 
Compression, inches...............+s+++: 3t 3t 8} 6% 1o} | rot 
decimal of stroke......, .072 | .072 .183 | «15 .228 | .228 

Steam opening, inches................ «| 344 338 2¢ 21% ark ars 


Exhaust Opening.......ccceeceeeeeeeeserees Full | Port | Full | Port | Full | Port 
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PROPELLER DETAILS. 


TB yids satin oncsarncsciripeccnaceptiaas Three-blade, modified Griffith (built up). 
PONE vi secs spss yoecissccqdemmninns seveidianiadieteiuatineiiecd baieanoine Two 
I oc casivicsvwadscvedineecdsseuninnieacevenscnniqmecentisenebintes Manganese-bronze. 
IT sc sicicasd cdssniisconsscatandabus eadeodin abesconsecnlouss is ipacducadaneasoneanl 17 feet 
Piece tech tlanscnbucccsiincs Adjustable from 17 feet 9 inches to 20 feet 9 inches. 
Pe BO NI siciecss incccsonputwenesincassauntdeanevecticdinetantteioe 19 feet 3 inches. 


. : , P 
Ratio, diameter to mean PItCH seeseersereeeeereeserescerecersereeseesennensane Fy 1.323+ 


e 


DBE BEOR .occsescnsciesesssse dos sadonsnptb senor ccoee sen epeocwereesveseccescese 226.9 square feet. 
BND GIB sss cacivoosinccususeninsantecheussinehapaamnincanperceiael 90.06 square feet. 


BOILERS. 


Steam is supplied by sixteen Babcock & Wilcox boilers of 
the “Alert” type, modified, placed four in each fireroom, 
there being no center-line bulkhead. They are fitted with 
the closed ash-pit system of forced draft. The forced-draft 
blowers, sixteen in number, are placed on the top of their re- 
spective boilers, at the back beneath the protective deck. 


BOILER DATA. 


DR io Scuins ents. stesxsansacnpnendesougomesaacasentinbeaat Babcock & Wilcox, ‘‘Alert.’’ 

TE iiiecstscsanesric cicucishaindioninascttihaneninaidaruaaaaal ee TS Sixteen. 

1 TING B08 I iss 6s: scneadess ssicesuacesnes Aephatieincaensibenebedanaeale 

SD TE CIEE IIS Sasi sne ccnc censentsnespeccamibidadsd:eeesabetearers Four. 

EOE BO NII ingcnartincis cacciepincinasedscsoncscvansinsecakuibestumcebinis:scnaleie 7 feet. 

Working pressure for which designed............... 265 pounds per square inch. 

CES SUING, NI Oran sche cnictenis ns sicaccnbinigeneiacmensmnatisameneibis 87.5 

CONE GEE TNE OG Sc ebiic icv ei ccciccecehctesdéenchoeies sttesncs tas S eo 

Biaakinnn wim: Cte WN OE iiss gsits ssccxctncreicccecncssdssiecuiibeteenbecteaha's educa’ 4,000 

TRE. CF RI IR inks sided orto cn tibies cession nian 64,000 
PUMPS. 


The pumps are of the “‘ Dow” type, the feed pumps being 
single-acting, outside-packed plunger type. The main feed 
pumps are located in the engine rooms, two in each, on the 
forward bulkhead. The auxiliary feed pumps are located in 
the firerooms, two in each, outboard. 


MAIN FEED-PUMP DATA. 


Type...Dow, vertical, single, double-acting, outside, central-packed plunger. 
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EE ee | 


I aictcirin das cease dapceacornnn cece rseinisomintnteteteeiases 18 inches. 
Dhmembter oF DIMOU GOG no sicecccnciccnsencnsnascsessensonsecesséecarmnces pesiseceas 2% inches. 
ee 
I inane racnterssrvctsncsetrenatetonncssivuenicetetaunetstetinss 18 inches, 


TYPO. cccccarsscccccccessccocese voces coscccsesosenes coscescuscossonecteescenes Same as main feed. 
WWeIDOF os... 000 ssccccnconcesesosecsssccosoccnscosseetveseesscessees conseetes cenessvee ceases Sixteen. 
TONE ocdece cncvstssasececasncecncsas essccnsesyesssesss Two in each boiler compartment. 
CORR CHTMGOS, GIMME si sis ce seis sce cssaceesccccce sess: cossesesessstcnsensossoses 12 inches. 

Nic ciiomsinensnainciansaipneienessoedssaseswavnisidiestietaes 12 inches. 
Diameter Of piston T0d.......cccccccrccccsscesesessocsscsvees coeceses coceeccscecees 2} inches. 
ee Se I a ciiires pics ncn Stee cgtincicn sen tisniecbesscditpsiaetvounbines 8 inches. 

stroke....... lesnoses issnabis chibesqidiobar suaseudeuisabieestpigenks 12 inches. 


BLOWER DATA. 


Type of engine. ........ccccccerescess cocceece Compound, vertical, inverted, inclosed. 
A CRG, BIR isin vcisssivcestsieiacssimentianian sess, eonbiians 5 and 8 inches. 
I danteth insndtdas osdennmrescecasincsnetiaserveerskmnbpbesniess 6 inches. 

PR Bir I I ica Sess on: conncascncccsavesascenscacacessssanionsantenies 1} inches. 
TI WO inside races eines ctase ete tnne Union Iron Works, vertical fan. 
DM itenscctectictaisscprtrucnphtophaseeesuathh poncesesestnesacssbengphanianabennaceboors Sixteen. 
MD cde cnr ectobegedisckqe Mekneneacaie tamts anes cecceniainnnkopneckeneni savhsasoh ness Firerooms. 
Pia hiiais. coceelglitatpuvciadtencace edldiaicecssantaounicecesteepsodnsemterosesin 69 inches, 
SSG OE TRA DORI on sessed cassd cocessnessvacsiconesscesces 1,242 square inches. 
SUCTION MOEN Cicnsicccecsccsccvesensatonetpseqsnusoosesecese 1,080 square inches. 


STANDARDIZATION TRIAL. 


The Board embarked on the M/waukee at 7°30 A. M., July 
25, 1906, at Santa Barbara, Cal., and that vessel got under 
way immediately and proceeded to the Goleta Point meas- 
ured-mile course. 

Just previous to the vessel’s starting on the standardization 
runs the draught was taken and found to be: 


Forward, feet and inches, ; ; 22-02} 
Aft, feet and inches, : ; 22-114} 
Mean, feet and inches, . : , 22-07 


Corresponding displacement, tons, 9,752. 


At 9 h. 08 m. 20s. A .M., July 25, 1906, the M//waukee 
commenced her standardization runs, finishing at 12 h. 45 m. 
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40s. P.M. During the trial the weather was hazy to clear, 
with light breeze from S. E. (mag.). Smooth sea. 

During the turn for coming on the range this run a large 
amount of water came over with the steam, and from that 
time until the trial ended the cylinders were never free of 
water, and as a result the required speed was never again 
reached, 21.991 being the nearest approach to it, and that for 
a run one way only. 

However, a good speed and revolution curve, Plate I, was 
obtained from nine runs each way, and the ship returned to 
an anchorage off Santa Barbara at 1‘oo, P. M., and a test of 
the anchor gear was made. 

Draught on coming to anchor : 


Forward, feet and inches, , ; 21-073 
Aft, feet and inches, ; : ‘ 22-05 
Mean, feet and inches, . ; 22-00;'; 


Corresponding displacement, tons, 9,441. 


Owing to the presence of water in the cylinders, very few 
data in regard to power developed were obtained. 

Great trouble was experienced with the crank pins, as the 
pounding caused by the presence of water in the cy:inders was 
excessive, and great quantities of water had to be used to keep 
down the heating, especially on the intermediate pins. 

In the firerooms the reasons for the water coming over 
were readily traced in high-water level, irregularity of air 
pressure and lifting of safety valves, all due to bad water 
tending. 

The closed ash-pan system of draft gave trouble, and several 
men were slightly burned before they learned how to handle it. 

By numbering the doors in the forward boilers in each fire- 
room I, 3, I, 3, and im the after boilers 2, 4, 2, 4, and firing by 
the Union Iron Works’ electric time-firing device, the small- 
est number of boilers were cut off from the air at a time, but it 
would seem that the fact of having to shut off the air in order 
to fire a boiler should act to condemn the system. 
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On Thursday the crank-pin brasses were: overhauled, and in 
the I.P. brasses the oil grooves were full of melted babbit 
metal, and new channels had to be cut and the brasses refitted 
as well as was possible in the limited time. 

All brasses were set at a 26 lead for the four-hour trial. 


FOUR-HOUR FULL-POWER TRIAL, 


The Board embarked on the A77/waukee at Santa Barbara, 
Cal.,at 7°00 A. M., July 27, 1906,and that vessel got under 
way and stood out to sea for the four-hours’ trial. 

The draught was taken before getting under way for the 
four-hours’ speed trial and found to be as follows: 


Forward, feet and inches, : : 22-01} 
Aft, feet and inches, . : , 23-02} 
Mean, feet andinches, . . ' 22-077 


Corresponding displacement, tons, 9,803. 


At 8h. 13 m. 45s. A. M., commenced the four-hours’ trial, 
as prescribed by contract, the ship steering E. by S. (mag.). 
The weather was overcast, cloudy and misty, with light airs 
from S. E. Sea smooth. At 12 h. 13 m. 45s. P. M., finished 
the trial. 

The trouble experienced on the standardization runs had 
borne good fruit, and no difficulty was found in the firerooms 
in keeping steam with 1.7 inches of air pressure, as compared 
to 3 and 4 inches on the previous trial. The blowers, built 
for 550 revolutions, were run at 380, and the water level was 
properly maintained. 

The pounding of the intermediate crank pins was the only 
drawback to an otherwise perfect trial. 

These pins had new brasses fitted previous to the run back 
to San Francisco, where the ship arrived at g’oo A. M., Sun- 
day, July 29, 1906. 

The weather during the trial was fine and the sea smooth. 

It is worthy of note that the propellers used on this vessel 
had the smallest per cent. of slip of any of the vessels recently 
tried, and the horsepower developed in making 22.216 knots 
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is 11 per cent. less than that required for her sister ships in 
making a slightly lower speed. 

As the vessel made a straightaway run at sea, it was not 
possible to obtain her draught when the trial was completed, 
but it was estimated that the draught at the middle of the 
four-hours’ run was 22 feet 6 inches; corresponding displace- 
ment, 9,700 tons. 

Any additional data or information desired for this class of 
ship will be found in Vol. XVII, page 754 (Trial of the U.S. 
S. Charleston). 


PERFORMANCE.—FOUR-HOURS’ OFFICIAL TRIAL. 


Steam Pressures. (Average of one-half hourly observations. ) 


Starboard. Port. 
Steam pressure at boilers (per gauge), pounds.............. 270 
H.P. steam chest (gauge), pounds...... 229.1 232.2 
Ist receiver (absolute), pounds......... 130.0 129.7 
2d receiver (absolute), pounds.......... 49.9 51.9 
Vacuum in condensers, inches of mercury............0+ nape>. ~ eel 24.7 


Temperatures. (Average of one-half hourly observations.) 


Injection, degrees .........ccccccccscovcceesescccccocescccecces coscoseee 73 7I 
TGORORS, CRRIIID. 000 sin os 06ccun sinvedaubeubennieesanatdsvoteibee 126 135 
EIGEWER, GEBUEED.. crcccncesccserssseseconssceshbensteeneqnanodbaes coneeh 112 127 
PT IE, GN cso dk sin ceh sonns cnvdreranaiiesess. onesacnesse 175 197 
Engine room, upper platform, degrees.............seceseeserees 121 96 
working platform, degrees.............ssssss00 go 83 
Firerooms, above grating, degrees..........ss.seesseceerseeseeees 123 124 
working level, degrees............cccccsss-esecscseees 103 103 

Base smoke pipes, degrees. ............csccccccssseccccovesccocesees 631 


Revolutions, or double strokes, per minute. (Average of one-half hourly 
observations.) 


Main engines, (ssentt for tial); 35. 55555... 1eccccccosenescossvese 139.7 140.83 
evens Far WG heise iisciccscnicicseceseevbtias 140.27 

Pusips, 20010 Bir, .....02..,.cseccecscssereesssacssevseccescsceeseeu esses 33-4 42.0 
CIRC I III aches 5655s cinnsathvns sen suustebaosensabsdanbasbioe 25.8 23.5 
Dic i.cn ds cnn puevsceponsetsobsesguactavechnversnnseabeceetenbews 33.0 22.8 
Gi WIE GEE. ois ss eve tscccase scdsses shies qunbevsnesedssbcen 81.0 43-3 

Tio wer CUE, TIEN, 60sec cncscecsenesactsisecensevnessgcneses 406.0 406.0 

Speed of ship, in knots per Hour............sseeeececceeeseeeeenens 22.216 

Slip of propeller, in per cent. of its own speed, based on 

mean pitch and average speed ............cssscesereeeeeeeereee 16,2 16.9 


Air pressure in firerooms, in inches of water vawnboapessnaeed’ 1.7 
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Mean Effective Pressures in Cylinders, in pounds per square inch, 
of cards taken at half-hourly periods. ) 








(Averages 


Wis SN, FEF. CIEE nics nens osncs esccrconiccnesscnsaniens 90.75 92.31 
pry MI oa iisnch idpccntdsvcncnctonedancganteies 47.59 38.81 
PRA MES 5 oie ses Rast scdsevenecsonvesicces 23.86 24.06 
DT cE occssndsnveccnsensccdennses -sxseries 24.31 22.10 
Mean equivalent pressure, in pounds per square inch, 
referred to combined area of L.P. pistons.................. 13.46 12.85 
INDICATED HORSEPOWER. 
Wiaieh cengnes, TEP x CoA acasicesc sone .cnosseseessccecosssecies 2,860.9 3,332.87 
alr SN okevintnsersnsvcesdsashiakesnobertesete 2,916.3 3,421.7 
FB ire A sarin ss operas actatracdeoedsencescces 2,813.9 2,859.98 
ee ND sense skh csbtascoeseeséstnnseensis 2,865.6 2,627.1 
esis cnersdan thd dapcace-ceqriiabelnttiicnontssereacarccincdubeviens 11,456.7 12,241.65 
IR isi ist ccicrrcasiuasecnseannnctssntencion: 23,698.35 
AIF PUMPS. .0.0:2.006 cecccscsecccsesscccecceeccccesecesccese cooeesscccoscooss 16.83 21.16 
Circulating pumps, Mail. ...... ..ccrccerecccrccrcccceececececccceses 97.0 81.0 
WORE BUDD, TAG oicncccs sence croceccsocesces coessssee sevcsscesseses 136.0 116.0 
WA e BINT CEG CUI vss secs scsscveseoccnes. secsnesenesosee: seseee 8.2 3.2 
SOMERS Y PUAN occ sin cs ccenicccvnccese secteceescorsccoesnevensssescoces 9.0 
Auxiliary condenser pumpS.......0+...00:cseeeceseeeeees ce re 6.87 
Blower engines (forced-draft) ..............2:seeeeeeeeceeseeeeeee 186.8 
IR ois sna hacia ceesctesiten: Seenteesac: sencnenerees 4.0 
DYMAMIO ENGIMES..0000000ccecrccscccccccces cosccscccoseceescvescccsceess 120.0 
SII 5s suctansinvacgetacecedsopreeseeshemmascobieardqecene 806.06 
Total all machinery in operation..............seeessssesses severe 24,504.41 
COAL 
TR OR CNN i aaiscc cctereercicccsnsssccssceeneeees Cardiff, hand-picked, excellent. 
I, UT aaa cies aceteestiniccssemvs ice icthananhenscoeunbestenveenees 51, 941.5 
DEDUCED DATA. 
I.H.P. (total) persquare foot of grate surface............::.c00e00e0 17.50 
heating stitface.........0...s00c0006 0.383 
Pounds of coal per I.H.P. per hour, (main engines only)........... 2.191 
all machinery in operation, 2.119 
Pounds of coal per square foot of grate surface...............+.s00 37.10 
j heating surface.................. o.811°* 


Cooling surface (main condenser), square feet per (total) I.H.P. 
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1078 CARE AND OPERATION OF NAVAL MACHINERY. 


SUGGESTIONS FOR THE CARE AND OPERATION 
OF NAVAL MACHINERY IN THE ENGINEER 
DEPARTMENT, U. S. NAVY. 


By H. C. DINGER, LIEUTENANT, U. S. N., MEMBER. 


PART III. 


STUFFING BOXES. 
Stuffing boxes require constant care and attention, and they 
are one of the chief sources of steam leakage. The large 
stuffing boxes on main engines and on many of the auxiliaries 
are now packed with some form of metallic packing. 
Stuffing-box packing must be designed to suit the char- 
acter of the joint. We have, first, the almost rigid joint 
generally encountered in expansion joints in piping and in 
valve spindles; second, the plain reciprocating joint, as the 
stuffing boxes of direct-acting steam pumps; third, the re- 
ciprocating and somewhat vibrating joint encountered in 
piston rods and in valve stems not well guided; fourth, the 
rotary joint, as on shafts. For the first and second kinds 
the packing can be more rigid, and the rigid packing of male 
and female rings will answer well. For joints of the third 
kind a flexible packing, in which there is some provision for 
lateral motion and in which the packing does not guide the 
rod, should be provided. 
The kinds of packings used are numerous. Cuts of two 
forms are shown: Garlock and United States. Figs. 1 and 2. 
The details of these packings are constantly being changed, 
so no detailed description will be given here. By getting 
a catalogue from the manufacturers, detailed descriptions can 
be obtained which will be up to date. A general account of 
the conditions presented in stuffing-box packing is contained 
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in Vol. XV, No. 2, JouRNAL AMERICAN SocIETY oF NAVAL 
ENGINEERS. 

General Features as to Care and Fitting.—In fitting pack- 
ing special attention must be taken to see that the surfaces 





Fig. 1. 


of the rings, especially faces and the walls of stuffing boxes, 
are perfectly clean and free from grit, that white-metal rings 
fit the rod exactly, and that the brass distance rings do not 
touch the’ rod. If fine graphite is added to surfaces a general 
improvement in fit will be obtained. Triangular white-metal 


71 
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rings when first put in should have their joints stand open 
about 1/16 inch; after a time the ends come together, and 
in this condition they are intended to wear. 

The joint between the packing systems and the cylinder 
must be made securely and the nuts on the flange properly 
set up and secured. Care should be taken to see that there is 
the proper tension on springs when gland is set up in place. 





Fig. 2. 


Distance rings, vibration cups, or plates, should fit the rod 
within one sixty-fourth of an inch. 

Water is hard on packing, therefore care should be taken 
to keep the cylinder dry. 

If the rod has a taper or a flat, it will be very hard to 
keep it tight. Such rods should be turned down true and 
have the packing refitted. 

Some forms of metallic packing have rings of soft pack- 
ing to reinforce them, but the best types of metallic packing 
do not require these rings of soft packing. 
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Metallic packing can be made on board ship and fitted into 
ordinary stuffing boxes when it is desired. Some points to be 
noted are that the brass rings should be used for distance 
rings, the white-metal rings to secure the joint on rod. The 
edges of brass rings should be beveled off to allow a lateral 
play. The rings should break joints; about 1/16 inch 
clearance should be left between ends at first. At least two 
sets of white-metal rings should be used. In many cases a 
greater number than two is of doubtful value. The rings 
can be turned out in a lathe and then can be scraped to a 
fit. With these homemade sets, especially when no springs 
are used, a few turns of soft packing should be used to give 
some elasticity to the joint. 

Metallic packings, when well fitted, and with rods kept 
properly lubricated, will run for years without requiring any 
attention. They should, however, be examined and cleaned 
about once a year; but when they are performing their work 
properly continual examination is bad, since removal will 
disturb the adjustment that the rings have worn themselves 
into. 

To guard against danger of rust forming on the valve 
stems all stuffing boxes are required to be bushed with com- 
position at their inner end. Such composition bushes can be 
fitted with little trouble, and their presence avoids one of the 
greatest causes for scoring rods and valve stems. 

Fibrous Packing.—For auxiliaries which can not always 
have the best attention the valve stems may become hot 
and scored and in time may have to be turned down; then 
metallic packing will not fit. For such places fibrous pack- 
ing may be used. 

The packing is made in round, square and triangular sec- 
tion, and of the same general material as sheet packing. They « 
are in most cases mixed with some lubricant to reduce fric- 
tion. Tallow and graphite are generally used. The packings 
generally have a rubber core to give them elasticity. 
Packings Best Suited for Various Purposes.—The pack- 
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ing used should be selected so as to best meet the conditions 
under which it is to work. The principal points to consider 
in selecting the kind of packing are the temperature, the 
pressure, and whether the joint will be dry or wet. 

H.P. Steam Rods.—Use strengthened asbestos, with or with- 
out rubber core, made in straight lengths or in spiral coils, 
either in square or round section. Some kinds most largely 
used at present are Crandall’s, Garlock, Peerless, Eureka, Sel- 
den’s. For large stuffing boxes packing strengthened with 
brass wire is sometimes used. 

L.P. Valve Stems.—Same kind as above, except that it is 
made softer. Most manufacturers furnish two kinds, one for 
high pressure and one for low pressure. Canvas packing, 
such as Tuck’s, consisting of a rubber core and canvas wrapped 
around it, is also used. 

Steam Valve Stems.—For valve stems that are generally 
dry use braided asbestos rope or light strengthened asbestos 
packing. Valve stems that are up and vertical will be dry, 
those that are down will generally be wet. For the latter it 
will be better to use Tuck’s or other canvas packing that the 
water will not disintegrate. Boiling canvas packing in oil 
improves its ability to withstand heat. For water-valve stems 
or rods on L.P. auxiliaries or in exhaust line where water 
collects, use canvas packing such as Tuck’s; for small work, 
braided flax or cotton tape. 

Pump Rods and Plungers.—These rods are of brass, and 
hence the packing can not be very hard, as there is danger 
of wear on rods. Square-braided flax packing of size to fit 
glands should here be used. Flax packing should generally 
be used with water and composition rods. It is used for 
packing a stern gland. Rubbing packing with graphite and 
tallow lessens friction and adds to tightness. 

Pump Pistons.—Considerable difficulty has been experienced 
in finding a thoroughly satisfactory packing for low-pressure 
pumps. <A packing that will last a long time is desired. 
Square-braided flax or square canvas (hydraulic Tuck’s), 
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also flax braided over rubber core (hydraulic Rainbow), 
are used. Care must be taken with canvas packing that it is 
not too tight, since it swells when wet and may cause the pump 
plunger to stick. Flax packing does not swell much-when wet. 
In cotton packing the rubbing action should be on end of 
thread; care should be taken that it is put in in this way. 
The latest practice in the Navy is to use lignum vite rings 
for packing plungers of low-pressure pumps. 

For high-pressure plungers ebonite, lignum vite, woodite 
and other vegetable preparations are used. Some special 
forms of woodite and paper packings give a good degree of 





satisfaction. Brass and white-metal rings are also used. 
Condenser Tubes.—Cotton tape (corset lacing) is most 

commonly used; rubber washers and wooden discs are also ° 

used. In case of necessity strings of flax packing can be 
: used. 
2 Heavy Hydraulic Work.—For heavy-pressure plungers cup 
. leather or sheet rubber is used. On rams, stuffing boxes are 
; packed with square flax packing. 
1 Packing Glands.—The gland is packed by placing successive 
: turns of packing in the space around the rod or valve stem. 
a Where spiral or string packing is used it is simply coiled 
around the rods, the ends being beveled off to make a smooth 
i seating for the bottom of gland, which is then put on and 
i set up with bolts and nuts. In this way there are no joints 
in the packing, and hence less likelihood of leakage. Where 
f successive rings are used, the ends of rings should be cut so 
i as to make a bevel joint, and placed in the stuffing box so 
y that the pressure tends to close the joint and not to open it. The 
. different rings should break joints. The rings are put in 
d ; 

place by packing sticks, and care should be taken that the 
i packing is not split in putting it in. Sketches of proper and 
. improper ways of cutting rings of packing are shown in 
‘ Fig. 3. 


The packing is held in place by the stuffing-box gland 
and by setting up on the gland nuts or by screwing down on 
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gland where screwed glands are fitted, and the packing is 
forced tightly against the rod. Care should be taken that the 
nuts are set up alike on all sides, and that the packing it 
is not too tight, for by excessive friction the rod may be- 
come hot. On large stuffing boxes gearing is often fitted so 
that all nuts are moved together. The rod, gland and pack- 
ing must all be thoroughly cleaned. Pieces of grit are very 
likely to drop in and later cause the rod to be cut. 

Where turns of ordinary soft packing are used, either with 
or without metal rings, it is not always necessary to pull out 





f 


COR RECT /NCOR RECT 


Fig. 3. 


all of the packing. One or two turns will in many cases be 
sufficient to stop a leak. After packing has been in a long 
time and shows signs of rotting or breaking up, it should be 
taken out and all renewed. For removing packing from 
stuffing boxes, packing hooks with gimlet or sharp nib ends 
are used. 

Leaks in stuffing boxes under pressure show themselves 
by the issue of steam or water, but those under a vacuum will 
not be indicated in this manner. It is important that the 










































CARE AND OPERATION OF NAVAL MACHINERY. 1085 


low-pressure stuffing boxes and those in the exhaust piping 
be tight, since air is being drawn in and the vacuum thus 
affected. Putting a slight pressure on the exhaust line once 
- in a while will give indications of any leaks. 


or ( W@W 


. LAGGING. 


y Lagging is a term applied to the non-conducting covering 
placed on metal services to prevent the radiation of heat. 

In the machinery specifications issued by the Bureau of 
Steam Engineering a distinction is made. The nonconduct- 
ing material is called the clothing, and the casing for protect- 
ing and securing this clothing in place is called lagging. 

All steam and exhaust pipes and hot-water pipes are clothed 
and lagged to prevent the radiation of heat. Cold-water 
pipes are lagged to prevent sweating. Sometimes cork paint 
is used for this purpose. Refrigerator pipes outside of cool- 
ing chamber are heavily clothed to prevent the absorption 
of heat from surrounding spaces. 

The purpose of clothing and lagging is two fold: (1) 
to save the heat contained in the steam or water, and (2) 
to prevent the heating of the machinery compartment. 

The following are the requirements of the machinery 
specifications issued by the Bureau of Steam Engineering, 
Navy Department: 


CLOTHING AND LAGGING. 


There will be clothing and lagging on pipes, boilers and 
e machinery as follows: 


Machinery. Covering. Lagging. 
Main cylinders and valve Magnesia............... Neatly lagged all over 
n chests, after being- finally with galvanized sheet 
is secured in place in the ves- iron. 
sel, and tested. 

Upper cylinder heads............. WD ciiriccicnintes Neatly-fitting iron floor 
S Steam cylinders of all auxil- Ditto ..............0..00. | plates, with flat- 
ll iary engines in engine rooms topped corrugations. 
and boiler rooms. 


ye 





Xl 



























Machinery. 

All steam and exhaust pipes, 
valves and their flanges, sep- 
arators, feed-water heaters, 
and all feed, suction and 
discharge pipes and valves. 


accessible. 


Heating pipes, from auxiliary 
steam pipes to radiators or 
coils, and from radiators or 
coils to traps. 


Boiler drums; other exposed 
parts of boilers, if required. 


Other pipes and machinery, as 
may be directed. 


will be plainly marked to 


polished brass bands and 
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“All canvas pipe covering to be of approved quality, and 
in accordance with the “Specifications for Cotton Canvas” 
issued by the Bureau of Equipment. The canvas covering 
will be secured to bulkheads where the pipes pass through 
them. All galvanized sheet-iron lagging will be secured with 


Covering. Lagging. 

In animproved man- Galvanized sheet iron. 
ner, with sectional Canvas sewed on and 
magnesia cover- well painted. 
ing. When near 
magazines, steam 
and exhaust pipes 
will have a double 


thickness. 

Main and auxiliary steam and Ditto...............00... Canvas sewed on and 
exhaust pipes and valves and well painted and 
their flanges, in engine lagged with galvan- 
rooms, boiler rooms, and ized sheet iron. 
dynamo room, evaporators, 
feed-water heaters, main 
separators, etc., as may be 
required. , 

All parts of main, auxiliary Ditto .................60 Galvanized sheet iron. 
and dynamo condensers ex- 
cept water chests at ends. 

Feed and filter tanks where Ditto .................... Ditto 


Heavily clothed, ex- 
cept in compart- 
ments that they 
are required to 


heat. 

Magnesia, 2} inches Ditto 
thick. 

As directed............ As directed. 


“Lagging will be made removable over all valve-chest covers, 
manhole covers, etc., and elsewhere will be so secured as 
to be easily removed, replaced and repaired, and all pieces 


show where they belong. 


round-headed brass screws. 
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MAGNESIA. 


“ Magnesia used for clothing, lagging and in uptakes, smoke 


pipes, etc., will be composed as follows: 


Carbonate Of MARMESIR «~ 2... 22. ose ceccwcece 85 per cent. 
pS Ee eee rrr I5 per cent. 


Canvas covering will be as follows: 
Raven’s Canvas. 


Pipes, 2 inches diameter and below.......... 8 oz. per yard 
Pipes above 2 inches diameter, separators, feed 
ON OE co gnc sho ee ines ke sine tee I5 oz. per yard 


The principal materials used are cow-hair felt, asbestos and 
magnesia. Felt is preferred where there is liable to be mois- 
ture. It also is generally used on cooling pipes. It is objec- 
tionable on high-pressure steam pipes on account of being in- 
flammable. 

Asbestos is used in the form of a cement and also in sheets 
and boards. It is used in combination with magnesia. As- 
bestos will not burn, and hence can be used for any degree 
of temperature. It will, however, soften with the application 
of water, and hence is not desirable where parts are subject 
to moisture, such as feed tanks, pipes under floor plates or 
cold-water pipes. 

Magnesia is used as a cement or in sheets or blocks. It 
is more generally used than any other material. Its non- 
conducting powers are very good. For pipe covering mag- 
nesia in combination with asbestos is put on in the form of 
cement or as sectional magnesia covering formed in the shape 
of cylinders? 

For lagging, canvas, galvanized sheet steel and Russia iron 
are used. 

Canvas is used for pipes except the very largest ones in 
engine rooms. Russia iron is used for large steam pipes 
in engine rooms and for steam cylinders of main engines 
and auxiliaries; sometimes also for evaporators, feed tanks, 
feed heaters and condensers. It makes a very good appear- 







ater 
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ance but is somewhat costly and liable to rust.. Galvanized 
iron is used for large steam pipes, boiler drums and casing, 
shells of evaporators, condensers, feed tanks, etc., and for 
steam cylinders of main and auxiliary engines. The latest 
practice is to use it to the exclusion of Russia iron or wood. 
It is cheaper and more durable than Russia iron and more 
durable than wood, and will not burn. Wood, teak and 
walnut are still largely used, especially for condensers, feed 
heaters, feed tanks and cooling coils for ice-machine. Wood 
is objectionable on account of being inflammable, and can not 
be as readily taken down and replaced, is easily damaged and 
hard to keep clean. It is not used on the latest vessels. 

Refrigerating chambers have their bulkheads lagged with 
charcoal; magazines are also sometimes lagged in this way 
to prevent their being heated. 

Care of Lagging.—Lagging requires no special care ex- 
cept to keep galvanized or Russia iron from rusting and 
prevent it being damaged or cut. Whenever lagging is re- 
moved for’ purposes of overhaul special care should be taken 
to see that it is properly replaced. Russia iron can be cleaned 
with alcohol or turpentine. Galvanized iron can be painted, 
or can be kept bare and washed when it becomes dirty. Wood 
‘lagging can be brightened up by rubbing with a mixture of 
turpentine and linseed oil. 

Necessity for Lagging.—Lagging is a means for securing 
economy by preventing the radiation of heat. All possible 
heated surfaces should be securely lagged. The flanges of 
steam pipes should be covered with lagging, and even the 
flanges of cylinder bonnets. A great many places left bare 
by the builders can be lagged by the force on board, and a 
considerable increase in economy and comfort can be ob- 
tained. 

RELATIVE NON-CONDUCTIVITY OF MATERIALS (HASWELL). 


Per cent. Per cent. 

ME I. cicstelncges thins sances 100.0 PRR IROG oisiendovenccacsiends 55-3 
Mineral wool, No. 2*........ 83.2 GASTON ATS 55.0 
and tar...... 71.5 Lime, slacked................ 48.0 
SE eae 68.0 NG ris soavies sc sovnenads 36.3 
Mineral wool, No. 1......... 67.5 SR bicsikiecscteessones 34.5 
I so scnces cascestseccstions 63.2 Air space, 2 inches......... 13.6 


*Sometimes called silicate cotton. 
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EXPERIMENTS MADE BY BUREAU OF STEAM ENGINEERING—COMPARATIVE 


RESULTS. 
PTE Cie IE tis cc dscicicsconeucseavn cap cedineest0ndeticswesabics 100.0 
Set, GRR isi onsen isan en scab o oc asecceestdes isatolanesess 103.07 
IE occséconveptnn sioner tndduswunnsthiuestenceckueevinhixsiadtec vant 90.3 


FEED AND FILTER TANKS. 


The water from the air pump discharges into the feed and 
filter tank. The tanks are often placed under the condenser, 
and one is fitted in each engine room. 

The capacity for large vessels is sufficient for about ten 
to fifteen minutes’ running full boiler power. For torpedo 
craft and scout vessels the tanks have less capacity than this. 

The tank is divided into two parts, the filter tank and the 
feed tank proper. The filter tank is about one-sixth the 
capacity of the feed tank. The filter tank is usually a portion 
of the upper part of the feed tank. The usual construction 
can be seen from sketch, Fig. 4. 

The filter tank is arranged so that the air-pump discharge 
opens into tank at one end and the water flows through the 
filtering material as indicated by the arrows and then to the 
feed tank proper. 

The top of the filter tank has a hinged or bolted cover 
over each chamber to enable the filtering material to be re- 
moved and the tank cleaned. 

Feed tanks are fitted with an overflow pipe with spring 
relief valve from the top of feed tank to bilge, arranged so 
that water passing down may be seen; a water gauge with 
suitable shut-off cocks; a man hole for examination; a drain 
cock; a thermometer. 

The feed tank and each chamber of the filter tank are 
connected into a vapor pipe which leads to the atmosphere, 
usually by means of the after escape pipe of the boilers. The 
bottom of each chamber of the filter tank has a drain with 
pipe leading to feed tank. The two feed tanks are connected 
by means of a pipe which has a valve at each tank and one 
at center-line bulkhead. The feed-pump suctions usually 
branch off from this pipe. The opening to the feed-tank 
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connection pipe is controlled by a balanced valve operated by 
a copper float in the tank. The object of this is to cause the 
valve to close when the tank is nearly empty and thus prevent 
the feed pump from sucking air. The valve and float are 
so arranged that they may be worked by a lever from outside 
the tank. To prevent rusting, the fulcrum of the lever is 
bushed with composition. 

The filter tanks are provided with openings to take the 
discharge from the main and auxiliary air pumps, dynamo, 
and the drains from all the various traps leading from 
steam lines, separator, jackets, evaporators, heaters, etc. All 
these should discharge into the filter tank, and not ‘into feed 
tank, in order that the water may be filtered. The drains 
should discharge near the bottom of the filter tank so that the 
discharge may be covered and avoid the blowing of steam 
into the tank. 

Feed tanks are built of class “C” galvanized steel, boiler 
plate, for large vessels not less than % inch thick. Feed tanks 
are lagged with cowhair felt 34 inch thick, in sections to be 
easily removed and replaced. 


FILTERING MATERIAL. 


Filtering material is of different kinds. Hay and excelsior 
are used, but are objectionable on account of dirt in renewing 
the material. Coke put up in bags of burlap or heavy towel- 
ing is fairly satisfactory, and as this can be made on board 
ship it requires no special stowage. When the filtering ma- 
terial is renewed the greasy coke is burned and the bags 
washed with soda, refilled with new coke and replaced. 

The best filtering material at present is the loofa sponge. 
These sponges are shaped like gourds and readily absorb the 
oil. They can be removed and boiled out and replaced several 
times. They may be either packed loosely in the filter cham- 
ber or placed in bags. 

A special machine for cleaning filtering material has been 
installed on some recent vessels (Waste-oil Saving Machine). 
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The machine consists of a chamber containing a brass cage 
into which the filtering material is placed. By turning on 
steam this cage is caused to revolve rapidly and the oil is 
thrown out by centrifugal action and is drawn off from the 
bottom of the chamber. 

Filter tanks should be cleaned out and have filtering ma- 
terial renewed after every three weeks’ use. If oil is carried 
to the boilers cleaning should be more frequent. The feed 
tank proper should occasionally be cleaned out and washed 
out with soda water. Zincs are placed in the feed tank, 
and these should be examined and renewed from time to 
time. 

The prevention of oil entering the boilers is a most im- 
portant matter, and every means possible should be taken to 
secure this end. In addition to the feed and filter tanks grease 
extractors are fitted generally on the discharge side of the 
feed pumps. In order that these may be efficient they should 
be frequently cleaned. The following instructions on the sub- 
jects are issued by The Bureau of Steam Engineering :— 


FILTERING MATERIAL FOR FILTER TANKS. 


“Coke put up in bags of coarse toweling, burlap, or blanket 
material gives good results, though the coke disintegrates 
in time and gets into the feed pumps. With good, strong 
bags and frequent renewal this trouble is largely obviated. 

“Excelsior sewed up in bags of material similar to the 
above may also be used. 

“Loofa, the vegetable filtering material, is in high favor 
with several engineers. It may be put in the filter tank 
loose or in bags to suit special occasions. 

“Marine sponges should never be used as they rapidly dis- 
integrate, are efficient for only a very short time, and are 
very expensive. 

“Considerable improvement can undoubtedly be made in 
the filter tanks at present in use with regard to efficiency 
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and facility for overhauling, cleaning, and renewing ma- 
terial. 

“Special care should be exercised that the filter chambers 
of tanks are easily accessible, and, when possible, the cover 
should be fitted with hinged bolts to facilitate removal. 

“It is important that filter tanks should be cleansed fre- 
quently and the filtering material renewed when necessary; 
once a month will probably be found often enough under 
ordinary service conditions. 

“Drain pipes of every description should discharge into the 
filter tank, in order that all water taken from the feed tanks 
by the pumps will have been filtered.” 

Grease Extractors.—The following is from a circular re- 
cently issued by the Bureau of Steam Engineering: 

“Grease extractors, in addition to the separate filter tank, 
are in general to be fitted on all vessels building and on vessels 
undergoing general overhauling, where circumstances make it 
desirable and where suitable space and arrangement for their 
installation may be obtained. 

“Grease extractors will be located, in general, on the dis- 
charge side of the main feed pump, between pump and feed 
heater, or in vessels where hotwell pumps are fitted, on the 
discharge side of hotwell pumps. The location must be such 
that all parts are accessible for overhauling and cleaning. 
| Especial attention must be given to the details, so that bon- 

nets and filter cartridges can be readily removed and the 
cartridge eased off its seat by mechanical means. 

“Grease extractors will be of the cartridge type, similar 
in principle to those shown on Bureau Steam Engineering 
plans 1. They are to be fitted with by-pass valves. 

“The cartridge should be lined with coarse, heavy toweling 
or linen filtering cloth, and suitable spare filter jackets will 
be supplied. The surface of filtering jackets should be as 
follows: Ratio of area of filter jacket to area of feed pipe, 
not less than thirty. The perforations of filter basket must 
be at least 50 per cent. of its total area. 
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“Grease extractors will have a drain cock and a ¥%-inch 
steam connection for boiling out, a plug for introducing soda, 
and an air cock. 

“Grease extractors should have their filtering material re- 
newed at least once every two weeks, if found necessary, 
and more frequently if a considerable quantity of grease 
and oil collects. They should be drained of oil, by-passed, 
and blown out by steam daily while steaming and twice 
weekly when in port if necessary. Except when under re- 
pairs, they will be kept in continual use.” 


FEED-WATER HEATERS. 


In all modern marine installations feed-water heaters are 
now used. The economy and increased efficiency of boiler 
plant resulting from their use is very great. By the efficient 
use of feed heaters the wastefulness of auxiliaries is reduced, 
and by supplying hot feed water to the boilers the wear and 
tear on them is minimized. 

In the exhaust-steam feed heater the auxiliary exhaust 
steam is led to a vessel where it heats the feed water. The 
saving is obtained by causing the latent heat of the auxiliary 
exhaust steam to heat the feed water instead of allowing the 
circulating water of the condenser to take the heat away. 

By increasing the pressure in the auxiliary exhaust pipe 
a higher temperature of feed can be obtained. But it must 
be remembered that the feed must necessarily be somewhat 
lower than the temperature of the steam used to heat it. To 
get 220 degrees temperature, a pressure of about five pounds 
above the atmosphere is necessary. An efficient heater will 
give the feed water a temperature within ten degrees of the 
temperature of the steam. On account of leakage in exhaust 
piping and the liability of getting water in the cylinders 
of the auxiliaries it is not advisable to use a greater pressure 
than ten pounds above atmosphere in the auxiliary exhaust 
pipe. 

Kinds of Heaters.—Heaters may be open (jet) or closed 
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(surface), according as the water and the steam are allowed 
to mix or not. The open heater is very simple and is also 
quite efficient. In the merchant service where a favorable 
high location for it can usually be obtained it is largely 
used. 

Open Heater.—The open heater, a cut of which is shown, 
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Fig. 5, acts like a jet condenser, all the auxiliary steam 

entering it being condensed by the cascade of feed water. 

This heater must necessarily be situated on the suction side 

of the feed pump, and in order to get a sufficient head to 
72 
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prevent the formation of vapor it must be located well above 
the pump. It is on account of this necessity for having 
it up high that this type is not largely used on naval vessels. 
To pump the feed water from the hotwell or feed tank a 
low-duty hotwell pump is provided. The connections for 
pumping and the attachments are shown in cut. These heat- 
ers are usually fitted with an automatic float governor for 
governing the speed of the hotwell pump so that the water 
is kept at a nearly constant level in the heater. 
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With a jet heater the temperature of feed cannot be above 
about 180 degrees, as a higher temperature will cause vapor 
to form, and then the feed pump will not have a proper 
suction. 

Closed Heaters——For naval vessels heaters are generally 
of the closed-surface type, exhaust steam entering the 
shell outside of the tubes and feed water going through the 
tubes. They are either suction or pressure heaters, and both 
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vertical and horizontal heaters are used. They are now 
installed in two general systems, one where the heater is on 
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the suction and the other where it is on the discharge side 
of the feed pump. (Figs. 6 and 7.) 
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Advantages and Disadvantages——With heater on the dis- 
charge side of pump, the feed when passing through the 
pump is not warm, hence there is no difficulty in suction 
due to vapor. No other pump beside the feed pump is needed, 
and the weight and cost of the hotwell pump is saved. The 
temperature can be maintained at a temperature very close 
to that of the exhaust steam, there being no limits due to 
heating of pump. 

The disadvantages are: The parts of heater have to be made 
extra heavy to withstand the pressure. Owing to the high 
pressure used it is difficult to secure tight joints and unless very 
good materials are used and good workmanship present, there 
is danger of gaskets blowing out. 

With heater on suction side of pump the addition of a 
hotwell pump is necessary. This introduces another auxil- 
iary to be cared for, and thus increases the work of attend- 
ance and makes the whole installation somewhat less reliable. 
The feed is hot while passing through the pump, conse- 
quently bringing harder conditions on the pump. With high 
temperature in the pump there is difficulty with packing, 
vapor forming in the pump and the parts of pump becoming 
heated so that they do not function well. The temperature 
of feed can probably not be as high as with the pressure type, 
owing to the fact that the heated water must go through the 
pump. On the other hand, everything about the heater being 
under low pressure, there is no great difficulty presented in 
making joints or parts strong enough. 

Piping of Heaters—The water piping of heater can be © 
seen from the diagrams. For the heaters on the discharge side 
of feed pump the valves are arranged so that the water 
passes through the heater on its way to the boilers, there 
being valves so fitted that the feed can by-pass the heater. 
The heater can thus be cut out in case of accident or when 
being overhauled. 

For the closed heater on suction side of pump: The hot- 
well pump, having a suction to the feed tank, pumps the water 
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through the heater (or by suitable arrangement of valves can 
be by-passed), and to feed-pump suction. In this way the 
feed pump has a forced suction, and the liability of having 
vapor in the pump suction is overcome. 

Steam Piping Connections.—The steam piping connections 
should be arranged so that all the auxiliary exhaust steam 
comes to the heater and that it is condensed there. Adjust- 
able relief valves should be fitted at the connection of the 
auxiliary exhaust pipe to the condenser so that the pressure 
in the auxiliary exhaust can be regulated. Connections shouid 
be made so that the exhaust steam can, when desired, be 
passed through the heater on its way to the condenser. 

As long as the desired pressure in the auxiliary exhaust 
line is not exceeded, all the exhaust steam will come to the 
feed heater. Here it will be condensed and give up its heat 
to the feed water. When the pressure at which the spring- 
loaded relief valve is set is exceeded this valve lifts and 
allows part of the exhaust to go to the condenser direct. The. 
valve will remain lifted until the pressure in exhaust is again 
lowered sufficiently to allow the valve to seat. 

Heaters ofter: have but one connection to the exhaust pipe. 
If a second connection is fitted nearer to the condenser and 
a cut-out valve fitted between, part of the auxiliary exhaust 
steam can be passed through the heater on its way to the 
condenser. This latter may sometimes be desired in port. 
(Fig. 8.) This connection also insures that a portion of 
the auxiliary exhaust must pass through the heater, even if 
the valve on condenser is open, thus producing a positive 
flow of exhaust steam through heater and preventing heater 
from becoming air bound on steam side. Heaters are fitted 
hoth with and without this second connection to auxiliary 
exhaust line. The connection adds somewhat to complication 
and is not essential to the operation of the heater. 

Position of Steam and Water Connections, Bafling.—To 
secure the highest temperature of feed the heater must be 
arranged so that the hottest water strikes the hottest steam 





1100 CARE AND OPERATION OF NAVAL MACHINERY. 


and that the change in temperature is gradual and continual in 
each. This can be accomplished by proper piping connections 
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and baffling. In the straight-through-flow type the steam 
should enter at the opposite end from the water, and the steam 
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should be made to flow across the tubes at right angles to 
them. The water should enter at the bottom of heater to 
ensure its always being full. Where a return-flow heater 
is used, baffling to secure these conditions may be arranged 
as in diagram. (Fig. 9.) From a glance at the diagrams it 
can be seen that the vertical direct-flow heater lends itself 
with greater facility to the above requirements. Other ad- 
vantages of this type are, (1) less weight than the return- 
flow type, owing to smaller end castings, (2) simpler baffling. 
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The horizontal-return type does not lend itself as well to 
proper requirements. In all horizontal types there is the lia- 
bility of upper rows of tubes becoming filled with air. The 
horizontal types do, however, in many cases provide greater 
facility for removal of tubes. (Figs. 10 and 11.) 

Details of Heaters——Provision for the difference of ex- 
pansion of shell and tubes should be made. This expansion 
is not so great as to require an elaborate expansion joint or 
gland-packed tubes. Provision for expansion may be made by 
(1) ends of tubes being packed like the tubes of a condenser ; 
(2) providing for an expansion joint fitted with gland between 
tube nest and shell, similar to the expansion joint fitted on 
Bureau Steam Engineering standard distillers; (3) fitting 
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shell with a flanged or corrugated expansion joint as in Fig. 
F2. This last is the simplest; there is no danger of leakage; 
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it does not add much weight, and is easily made. The 
difference of expansion between shell and tubes is not likely 
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to be very great. Expansion joints of this type Fig. 6, 
have worked with great satisfaction for years. 

Kinds of Tubes.—The tubes of pressure heaters must be 
made of good material and heavy enough to stand a test press- 
ure of about three times the working pressure on heater. 
On most of the large vessels of the Navy the tubes of feed 
heater are of the same material and size as the condenser 
tubes. For pressure heaters composition tubes 54-inch diame- 
ter, 16 B.W.G., are largely used. or suction heaters a 
lighter gauge tube is used. Steel tubes are also used and, if 
fresh water is assured, their lasting qualities should be satis- 
factory. Steel tubes are very largely used for feed heaters 
on the Great Lakes. Spiral corrugated tubes are said to give 
greater efficiency than plain tubes. The spiral corrugations 
tend to retard the flow of water and give it a spiral movement. 
A hand hole for the examination of the tubes should be put on 
the shell. A connection for cleaning tubes by boiling out 
with soda is also desirable. Heaters should be fitted with 
a compound-pressure gauge on steam side, a glass water gauge 
and air and drain cocks for both water and steam side. 

Draining of Heater—The size of drain should be about 
one-tenth the area of the feed pipe discharging to the heater, 
Drains should be led direct to condenser or feed tank with- 
out intervening trap. Check valves may sometimes be de- 
sirable. 

Difficulties Experienced with Heaters. — With vertical- 
pressure heaters the chief trouble has been with the joints 
leaking. If these flanges are made heavy and the bolts closely 
spaced this difficulty is overcome. Bolted flanges are better 
than those made with studs and nuts. 

With horizontal-suction heaters difficulty has been experi- 
enced in not getting warm feed due to heater becoming air- 
bound or a too rapid flow through the tubes. This latter is 
in some cases remedied by fitting retarders in the tubes. If 
tubes are not made of good material or are too light they may 
break or split. There is, of course, more danger of this hap- 
pening on pressure than on suction heaters. 
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From the results of present experience and knowledge, it 
would seem that the most efficient, reliable, simple and ad- 
vantageous heater for naval purposes is the vertical, straight- 
through flow, pressure type. By it the highest temperature 
of feed can be obtained and the working of feed pump is not 
affected by the temperature. 


DISTILLING APPARATUS. 


Evaporators are fitted to supply fresh water for cooking 
and drinking and to furnish a supply of fresh-water make 
up feed for the boilers. The present practice in the U. S. 
Navy is to furnish evaporators having evaporating capacity 
in gallons per 24 hours equal to the I.H.P. of the main 
engines. It is assumed that this capacity would enable the 
loss of feed water to be made up by evaporators when en- 
gines are working at full power. 

Loss of Feed Water——A rough rule that appears to come 
very close to conditions in the U. S. Navy is: Loss in feed 
water per day in tons is equal to four per every thousand 
horsepower, with machinery installation generally tight. 

A committee appointed in England to report on naval 
boilers estimates loss on English naval vessels to be six tons 
per 1,000 horsepower per day. On present English trials 
(1905) the figure two tons per 1,000 horsepower per day has 
been reported. 

Water for Ship’s Use.—This amount varies greatly with 
conditions on board different vessels. In the English Navy 
about 3,400 gallons are required for a battleship with a crew 
of 500 men. 

From reports of U. S. battleships in commission, about 
4,000 gallons are required with a liberal allowance for 700 
men. 

On naval vessels, especially recent ones, copiously supplied 
with fresh-water bath tubs and showers, laundries, and dish- 
washing machines, and numerous places where water is likely 
to be wasted, these amounts are very likely to be largely 
exceeded. 
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Amount of Heating and Cooling Surface Allowed.— 
Eighteen to twenty gallons per day per square foot of heating 
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surface, and fifty gallons per day per square foot of cooling 
surfaces of distillers is allowed. 
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Evaporators installed in naval vessels are either horizontal 
or vertical, conforming in general matters and requirements 
to those designed by the Bureau of Steam Engineering. 
There are numerous other patent types in commercial use. 
See Plan and Cuts. 

The Horizontal Evaporator is one of late design. The 
shell consists of steel plates, the ends flanged and brazed. 
The heating surface consists of a steam coil. The steam head, 
a composition casting (attached tube sheet), is secured to 
the front head by stud bolts. The brass tubes are expanded 
into the tube sheet and the rear ends are connected by 
U-fittings. The partitions in steam head are arranged so 
as to cause the steam to pass several times through the length 
of the tubes. Instead of the U-fittings many evaporators have 
2n inside steam head into which the tubes are expanded. 

The evaporator has a dry pipe for collecting the vapor. The 
nozzle for vapor pipe is fitted with a safety valve. Steam is 
supplied to coil through a stop valve, and the drain leads to 
a trap. The coils are supported in place by supports as shown. 
Zinc plates are fitted to guard against galvanic action. Evap- 
orators are supplied with a steam gauge on coil and on shell. 
A water gauge and gauge cocks to tell the height of water, 
and a salinometor pot to take the saturation are also fitted. 
Feed is supplied through feed-check valve at about height of 
water line. The evaporator can be pumped or blown out 
through the bottom blow valve. 


DISTILLERS. 


Distillers are fitted to condense the vapor from the evapo- 
rator. The distiller consists of a coil or a nest of tubes and 
an enclosing jacket. The vapor enters one of these spaces and 
the cool sea water the other. The circulating water condenses 
the vapor, thereby giving fresh water. The most general type 
that of the Bureau of Steam Engineering, is a vertical distiller 
having a nest of tubes asshown. ‘The vapor is on the outside 
of the tubes and the circulating water passes through the tubes. 
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The shell is of cast iron or composition, the tubes and tube 
sheets are of composition. The tubes are expanded into the 
tube sheet, and are of the same character and design as the 
condenser tubes, 54-inch outside diameter. 

The circulating water is forced through the distiller by 
the distiller circulating pump, the discharge from this pump 
being arranged so that it can pump through distiller and then 
overboard or to flushing main, or directly to flushing main. 
There is also usually a connection whereby water from fire 
main can be utilized for distiller circulating water. Distiller 
circulating pumps on late vessels are usually duplicated. The 
condensed vapor falls to the bottom of distiller and is led 
to a small reservoir tank from which it is pumped by the 
fresh-water pump to the ship’s tanks. 

Distillers are sometimes placed horizontal, and when so 
placed it has been found that better results are obtained when 
the circulating water is outside and steam inside of tubes. 
On older vessels there are distillers consisting of a single 
or a double coil placed inside a cast cylinder through which 
water is circulated. This type is heavier and takes up much 
more space than the later type having tubes instead of coils. 


OPERATING EVAPORATORS. 


Starting up, Running on Distillers——Start distiller circu- 
lating pump on distiller to be used. Fill the evaporator shell 
to about half gauge glass with salt water. Open steam to 
steam coils; open coil drain connection to steam trap. Allow 
pressure on coils to come up to about 30 to 40 pounds. When 
steam in shell is at about 5 to 10 pounds pressure, crack vapor 
valve to distiller and gradually open it so as to keep about 
5 pounds pressure on shell. Regulate feed check to keep 
water at a constant level. Start brine pump slowly so as to 
be slowly drawing off the dense salt water in bottom of 
shell. On starting up water should not be sent to tanks until 
it is known to be fresh. 

Prevention of Priming.—The water level should be kept 
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constant and several inches below the upper level of the tubes 
in order that the vapor formed may be thoroughly dried by 
the upper tubes. The vapor-discharge valve should not be 
opened wide, but only sufficient to maintain the designed press- 
ure on the shell. Some evaporators have this valve controlled 
by a spring set at the desired pressure. 

Supply of Feed Water.—Feed water is usually supplied by 
a branch from the distiller circulating pump; after the dis- 
charge passes through the distiller in this way warm feed 
is obtained. The supply is controlled by feed valves at each 
evaporator. 

Brining.—This is accomplished by keeping the brine pump 
going slowly and thus having a continuous discharge of 
brine from the evaporators. Continuous brining thus keeps 
down the saturation and hence reduces the rapidity with which 
scale forms. Too much brining is, however, not economical, 
since the heat contained in the brine pumped overboard is 
lost. 

Blowing Down.—The saturation should not be allowed to 
go above five thirty-seconds. When this point is reached 
evaporators should be blown down. To blow down, shur 
the vapor valve; allow pressure in shell to come up to 20 
pounds; then open bottom blow. When water is blown out 
shut off steam; fill evaporator to working level; then turn 
on steam, and continue as before. By turning steam on coils 
while evaporator has cool water the tubes are suddenly heated, 
and expand. This causes the scale to crack and fall off. 
However, with evaporators having inside steam heads there is 
likely to be an unequal expansion resulting in leaky tubes. 
Evaporators should be blown down once in twelve hours. 
The presence of oil in water indicates a leaky coil, the boiler 
steam passing directly to the vapor side. 

Scaling—When evaporators are running continuously and 
with only slight brining, they should be scaled about every 
fifteen days. To scale an evaporator it is shut down and 
allowed about an hour to cool. The nuts securing the steam 
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head to the shell are taken off, other necessary connections 
are broken, supporting trolleys are hooked to eyebolts in steam 
head, and coil hauled out to the front. The tubes are scaled 
with scaling bars and hammers, loose scale is removed from 
the interior of the evaporator. The scale on the outside shell 
should not be removed, since it acts as a nonconductor of heat 
and also protects the inside surface from rust and corrosion. 
The zincs should be examined and refitted if necessary, blow 
and feed valves cleaned out and ground in if necessary. 

Steam for evaporators is taken from auxiliary steam pipe 
through a reducing valve. Attempts have also been made to 
take the primary steam from the second receiver of the main 
engine (English Navy) and also from auxiliary exhaust; 
this for purposes of economy. These arrangements have, 
however, the disadvantage of extra piping and the inability to 
get the maximum capacity out of the evaporators at times 
when it may be desirable to have it. 

Double and Triple Effect.—In order to obtain greater econ- 
omy in the consumption of fuel for distilling, evaporating 
plants of large vessels have recently been fitted with piping 
to operate evaporators in double and triple effect. Here the 
primary steam is taken from the auxiliary steam. The sec- 
ondary steam in the first evaporator (H.P.) is then led to 
the coil of the second evaporator (L.P.) and the drain led 
through a trap to the feed tank. The secondary steam from 
the L.P. evaporator is led to the distiller. In triple effect three 
evaporators are run in series. Operating evaporators in 
double effect secures a saving of about 30 to 50 per cent. in 
coal, but the same amount of water can not be evaporated as 
when using evaporators in single effect. 

Discharging Vapor from Evaporators.—To obtain water 
for culinary and lavatory use the vapor must be led to the dis- 
stillers, where the latent heat of the vapor is lost in the circulat- 
ing water. For makeup feed purposes the vapor can be discharg- 
ed to the auxiliary exhaust (connections for this purpose being 
fitted) ; the heat of the vapor for evaporation is then not lost 
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but is utilized to heat up feed water. The vapor from evapora- 
tors should not be discharged to auxiliary exhaust except when 
this pressure is kept constant and, if possible, above the atmos- 
pheric pressure. This condition of constant pressure is met 
with when auxiliary exhaust is turned on feed heaters. When 
auxiliary exhaust is turned on condenser and subject to sudden 
fluctuation the vapor from evaporator should not be led to it, 
as the variations in pressure are very apt to cause priming. 

Drains.—Evaporator drains are led to steam traps whose 
discharges go to feed tank. These traps should be tested for 
proper working several times each watch, and should be 
cleaned out at the same time that evaporators are scaled. The 
drains should not be allowed to by-pass the traps except for 
short intervals to test traps. When the drains are by-passed 
steam from coils is made to blow directly into the feed tank. 
The drains from coils should discharge to the feed tanks 
and not to the condenser, in order that the heat of the drain 
water may not be lost. 

The following is a set of rules adopted on a large cruiser 
for operating a plant of four evaporators arranged to work 
in double effect. 


“OPERATION OF EVAPORATORS, 


“Evaporators will be operated in double effect unless other- 
wise directed. _A pressure of 40 pounds will be kept on 
high-pressure coils. A pressure of 15 pounds will be kept on 
low-pressure coils. A pressure of 5 pounds will be kept on 
low-pressure shell. Care will be taken to keep a constant 
water level. 

“Evaporators will be blown down every twelve hours when 
running steadily or whenever secured. The brine pump 
will be used with bottom blow slightly cracked to keep 
the saturation below 3 while running, the salinometor being 
used at frequent intervals to ascertain the saturation. When 
opportunity offers, evaporators will be scaled after every fif- 
teen days of operation. Unless otherwise directed the drain 
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from both coils will be run through the traps, and only by- 
passed for a short time when necessary to clear coil of water. 
The discharge from traps will be led to discharge to feed tanks. 
If these discharges cause water in feed tank to go above 160 
degrees, discharge from coils will be turned into auxiliary 
condenser. 

“Water, drawn from each distiller, will be tested every hour 
with nitrate of silver solution. In case this test shows any 
trace of salt, it should be turned into feed tanks until fresh, 
and if more than a slight trace shows, it should be turned into 
bilge till fresh. 

“Under no circumstances will the water in the distiller- 
reservoir tank be pumped below half a glass. The machinist 
on watch must always be notified in cases of any changes in 
running water from ship’s tanks to feed tanks, bilges, etc. 

“Any order received by the men on watch from proper 
authority must be passed along and strictly adhered to until 
other directions are given.” 


HEATING SYSTEM. 


The general type of heating system is in general described 
in the machinery specifications of the Bureau of Steam En- 
gineering as follows: 

“Radiator coils, 1-inch seamless-drawn brass pipe, iron 
pipe size. 

“Radiators, consisting of pipes led along the decks at bot- 
tom of bulkheads, 2-inch brass pipe, iron pipe size. 

“Circuit steam and drain pipes, seamless-drawn pipes, brass, 
iron pipe size, connected by composition fittings. 

“The heating plant will be arranged to work at a pressure 
of about 50 pounds. 

“Radiators will be located to the satisfaction of the Bureau 
of Construction and Repairs. 

“Radiators of approved pattern and of areas conforming 
to the schedule hereto appended will be furnished, fitted and 
connected in an approved manner in the living and other 
spaces to be heated. 
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“The number of cubic feet of space to be heated, allowed 
per square foot of radiator surface, will be as follows: 


Cubic Feet 

ee Pe ere ee ee ee 50 
Captain’s cabin, staterooms, office, bathroom and water 

as ve 3:8 Fig wh a's.a biden 5 oda ees eee tea ae 60 

Sick bay and sick-bay bathroom..............++...... 60 


Wardroom country and staterooms, where outside armor. 80 
Wardroom officers’ bathroom and water-closet and state- 


PR. Sivan Se Scales te kin cee Coe mee oe eecae 8 baie 80 
SU nd 5 os ae CARR EeS HE MERE Renee eed 100 
RE ri cate cd + nantes tak ie heh weera ee 80 
Offices on main deck (separate heaters).............. 80 


Wardroom and junior officers’ bathrooms and staterooms 80 
Berth and main decks forward of redoubts, crew’s water- 


closets and lavatory...... NAL OER CLL DH Fp PRN 100 
RE SE WE IE so kv cnet see 0 nah Liner esas Ce 100 
Junior and warrant officers’ mess room on berth deck... . 100 
SS Cg ns) vo aa dno hw nA Ae Ob re Weta 125 
Berth deck and inside redoubt............6..sescsceees 125 


“The heaters in the base of each 12-inch turret will have 
an aggregate area of 25 square feet. 

“Other spaces as directed. 

“Radiators will consist of coils or standing radiators, or 
pipes led along deck at bottom of bulkheads, as may be neces- 
sary or expedient. 

“Coils or standing radiators will be divided into two or 
more parts when the area called for is more than ten square 
feet, and the shape of each radiator will be adapted to the 
space on bulkhead and to the space to be heated. 

“Radiators, consisting of pipes led along the decks at bot- 
tom of bulkheads, will have proper provision for expansion 
and will be covered with an approved metallic casing, easily 
removable. They will be reduced at the drain ends, and the 
fittings and lead will be such that the water will not lodge. 
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“Where any radiators, coils or piping are fitted on or near 
joiner work or along wooden decks there will be protecting 
metal shields between the radiators and the wood work. The 
shields will be easily removable, and will be separated from the 
woodwork by not less than % inch of air space. 

“All radiators will be fitted with approved air cocks and 
with valves; those in the crew’s space having stems of tri- 
angular cross section, valve-stem guards, and socket keys for 
opening and closing, those in officers’ quarters having fixed 
handwheels. — 

“Radiators and heaters will be arranged in circuits, as ap- 
proved, each circuit being so connected that it can be operated 
independently of the others. The circuits, divided in an 
approved manner, will lead to the following parts of the 
ship: 

“Chart house. Base of 12-inch turrets. Main-deck cabins. 
All parts of the gun and main deck. Captain’s, wardroom, 
junior and warrant officers’ pantries, sick bay, dispensary, 
operating room, contagious ward, and sick-bay bathroom. 
Steering engine room, and equipment and other storerooms. 
as directed. Captain’s cabin, stateroom, office and bathroom. 
Wardroom and junior officers’, warrant and petty officers’ 
quarters and mess rooms. Bath rooms, washrooms, water- 
closets, armory, offices and other heater circuits if directed. 

“Steam connections for the bath tubs, shower baths, and for 
heating water will be as short and direct as possible. There 
will be a connection, with valve, leading from chart-house 
circuit to the gravity tank, to prevent freezing. 

“Live pipes of suitable size will lead to such water heaters 
as are supplied by the Bureau of Construction and Repair. 
These pipes will be incased or covered in an approved manner. 
An approved arrangement of piping to drain such will be 
provided. 

“Unless otherwise directed, the steam pipe for the plumb- 
ing heaters in hospital spaces will tap the steam pipe of the 
sick-bay circuit; that for the officer’s bath heaters and shower- 
bath heaters will be taken from the officers’ pantry circuit, 
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and that from the wardroom and the junior officers’ bath 
heaters will be taken from the wardroom-pantry circuit. 

“The radiator circuits will be arranged in groups, each 
group having a supply manifold and a drain manifold. The 
supply manifold of each group will take steam from the 
auxiliary steam pipe, with a stop valve, an adjustable reducing 
valve and a steam gauge, at the connection with the auxiliary 
steam pipe. The drain manifold of each group will discharge 
through a trap with a by-pass into the feed tanks, the main 
condensers, at will, and have a stop valve and a check valve 
for each circuit. Where branches occur in the drainpipes 
Y-fittings will be used. Arranged as above, each circuit, by 
means of stop valves at steam and drain ends, can be entirely 
isolated and water from other circuits prevented from backing 
up into it. 

“Each circuit steam and drain valve will be marked with 
name, on brass plate. The circuit steam and drain pipes will 
be suitably connected by fittings in a manner that will permit 
of their being easily taken down for repairs. Pipes passing 
through bulkheads and decks will be made watertight by ap- 
proved stuffing boxes. Pipes passing through storerooms will 
have the joints located as near the door as possible. Provis- 
ion will be made for the expansion by horizontal U-bends of 
copper pipe having the same internal diameter as the connect- 
ing pipes. All union joints will be coned. 

“Plans of the heating system will be submitted for approval, 
showing location and areas of heaters, lead of pipes, location 
of expansion, bends, of principal stop, reducing and check 
valves and steam gauges, and of traps with their drainage 
connections. 

“Other parts of the vessel not here designated will have 
radiators and heaters as directed.” 


CARE AND OVERHAULING. 


The care necessary consists of repairing leaks in the steam 
and drain line and overhauling traps and reducing valves. 
The heater reducing valves in service are usually set at 40 
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or 50 pounds pressure. On a large ship with very long leads 
of heating pipe, a higher pressure should be carried than on a 
small vessel when leads are short. 

In order to ensure a proper draining of the discharge pipes 
from heaters to traps they must be overhauled and kept in 
good repair. When heaters are in use, they should be period- 
ically by-passed to make sure that large quantities of water 
do not collect in the pipe. 

The steam to pantries is taken from separate circuits each 
with its own reducing valve and drain lines. The steam for 
bath heaters is taken from the pantry lines or from separate 
circuits. 

The drains from bath heaters are led direct to auxiliary 
exhaust line. This ensures a proper flow of steam through 
the heaters necessary for their efficient operation. When the 
drains from such heaters are led to the traps frequent difficulty 
is met with in their being improperly drained. When the 
drains are led direct to the auxiliary exhaust this difficulty is 
entirely avoided. 

The type of bath heaters installed consists of a double cop- 
per tube. The steam enters the inner tube and is drained off 
at the bottom; water is admitted to the annular space between 
the tubes and discharges to tub or basin. The heat of the 
steam heats the water as it passes through. The degree of 
heat can be regulated by opening or closing the steam valve. 
Heaters are arranged with both fresh and salt water con- 
nections.” 

STEAM LAUNCHES. 


The machinery of the steam launches requires considerabie 
care. For operation the following rules established on one 
of the large cruisers are given: 

“Botlers——A pressure of 150 pounds will be carried. Fires 
should be carried light, not over six inches thick. Steam 
blast will not be turned on except in case of urgent necessity. 
Ash pans will be kept wet and as clear of ashes as possible. 
Fires will not be coaled when alongside of any vessel, or at 
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landings while passengers are going aboard or leaving. Feed 
pumps will be kept going continuously, while engines are in 
operation. 

“Engines.—The speed of engines will not he suddenly 
changed. Cylinders will be kept clear of water by opening 
drains when necessary. Special attention will be paid to see 
that all parts are well lubricated. A little graphite and kero- 
sene will be put into cylinders occasionally. The feed tanks 
will be frequently cleaned and sponges replaced. The engine 
and boiler space will be kept thoroughly clean at all times. 
In case of improper working, or any need of repairs, the 
chief machinist’s mate in charge of steam launches will be 
notified at once. The launch-engineman will report the need 
of coal and water to the coxswain. He will obtain his regular 
amount of supplies from the storekeeper and keep same in 
the launch ready for use. Other supplies will be obtained 
upon an order from engineer officer on duty, warrant officer 
in charge of auxiliaries, or chief machinist’s mate in charge 
of steam launches. 

The tubes of boilers should be blown with a steam hose 
occasionally to remove the soot. Water should be kept in the 
ash pan to prevent grate bars burning out. Boilers should be 
painted with paint that will withstand a high temperature.— 
Lamp black and kerosene will give a good black coating; 
brown zinc will give a brown coating; aluminum paint will 
stand well if put on over another coat such as brown zinc. In 
cold weather; fires should be under boiler all night to guard 
against water freezing. When launch is hoisted, boiler should 
be kept full of water. The gauge glasses are not usually well 
protected and are in danger of being cracked by spray. To 
avoid these difficulties, Klinger reflex glasses can be fitted. 
Soda should be occasionally fed into the boiler to keep the 
water alkaline. Sponges should be put into the feed tank 
to take up oil. Leaks in boiler tubes are repaired either by 
replacing tube.or by plugging hole with a tap plug. 

Air Pump.—The plungers wear down in time and leak. 
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New ones should be fitted when this leakage becomes ex- 
tensive. 

Lignum vite stern bushings wear down and cause the shaft 
to be thrown out of line. These ‘should be renewed period- 
ically. In place of lignum vite, a white-metal bushing may be 
used. 

On most vessels there are spare engines. These spare 
engines can be overhauled when not in place, and when engine 
in place is in need of extensive overhauling it can be removed 
and the spare engine put in. In this way the service of the 
launch is not interfered with to any great extent.” 


REFRIGERATING PLANT. 


The refrigerating plant consists of the ice machine and 
the refrigerating chambers. On large vessels of late de-: 
sign two 2-ton machines are supplied. On other vessels 
one 3-, one I-, or on small vessels, such as gun boats, one 
¥Y%-ton machine. The Allen dense-air machine is the one 
almost exclusively installed. The I-, 2-, and 3-ton ma- 
chines are horizontal. The 1-ton and %-ton machines are 
both vertical and horizontal. 

A 1-ton machine means a machine having the cooling ef- 
fect of one ton of ice per day; but this does not mean that 
a I-ton machine will make one ton of ice per day. A I-ton 
machine will make about one-half a ton of ice per day. 

On late vessels the refrigerating pipes are led to conform 
to the Bureau of Steam Engineering standard arrangement. 

Some points to be noted in the care and operation of ice 
machines are— 

Oiling.—Great care must be taken to see that compressors 
and expanders are properly oiled. If they are allowed to run 
dry the valve seats will begin to cut. 

Leaks.—Leaks in joints and stuffing boxes will constantly 
develop. Their presence is told by failure to maintain the air 
pressure. 

Corrosion of Joints of the Cooling Coil_—This can very 
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largely be guarded against by fitting and frequently overhaul- 
ing zincs. 

Stuffing Boxes.—The stuffing boxes should be kept well 
packed with packing specially designed for the service, and 
the packing lubricating system must be kept in proper order 
Special care must be exercised to see that the lagging of all 
pipes outside of the refrigerating chamber is kept in good con- 
dition. 

Cleaning Cooling Pipes.—The interior of the cooling pipes 
should be cleaned of the accumulation of oil every few months, 
by making a steam connection to the supply and opening drain 
of return to bilge. Steam is turned on and the oil is driven 
out. The freezing box should also be cleaned out in the same 
manner. 

Another way of cleaning the cooling pipes is to wash them 
out with water. This is done by connecting fire main with 
the cooling pipes at such a place that the supply will lead to 
all of the pipe surface. Take off a bonnet from one of the 
valves in the return-air pipe near the machine and lead a hose 
so that the return can be run overboard through an air port 
on ship’s side. The connection from the fire main should be 
made up with a steam jet so that the water can be heated. 
Water is turned on and fills up the pipes, the water is 
then slowly heated by means of the steam jet, and the oil is 
boiled out and runs out with the water. 

Brine for Freezing Mixture.—Proportions of about 25 per 
cent. chloride of calcium has been found best for ship’s use. 
If calcium gives out a freezing mixture of 2% pounds, com- 
mon salt to one gallon of water will give satisfactory results. 

Pressures not being Properly Proportioned.—This fault can 
be located by shutting valve and not allowing air to get to 
the expander cylinder, and then stopping the machine. If the 
pressures equalize it shows that the compressor cut-off valves 
are leaking. If the pressure does not equalize it shows that 
the expander cut-off valves are leaking. If at any time the re- 
quired pressure cannot be obtained, and all stuffmg boxes and 












1120 CARE AND OPERATION OF NAVAL MACHINERY. 





joints are tight, the trouble may be due to the pump valve of 
priming pump leaking. 

Return-air Coolers—These are sometimes fitted. They 
consist of a vessel built like a distiller to which the return air 
from the cooling chamber is led on the outside of the tubes 
and the air leaving the compressor, on its way to expander, 
is led through the tubes. In this way the air, while com- 
pressed, is cooled further than the circulating water can cooi 
it, and the result is a lower temperature at the discharge from 
expander and hence greater efficiency for making ice. With 
hot circulating water, say 83 degrees, the temperature of the 
compressed air cannot be cooled below about go degrees with 
the circulating water; but when the return air, which is at a 
temperature of about 30 degrees, is used to cool the air after 
leaving the water cooler its temperature can be reduced much 
more. This, of course, makes the air on entering the com- 
pressor warmer, but only operates to raise the temperature 
of air on leaving compressor. This additional heating is 
taken away by the circulating water, which will now be more 
efficient since it comes in contact with air of a higher tem- 


perature, 
STEAM AND VACUUM GAUGES. 


To indicate the pressure in boilers, pipes and other 
places, pressure and vacuum gauges are fitted. 

A pressure gauge is one that records pressure above 
that of the atmosphere (pressure gauges are marked for 
pressure in pounds per square inch above the atmosphere). 

A vacuum gauge is one that records vacuum, that is, a 
pressure below the atmosphere. Vacuum gauges are 
marked (1 to 30) to indicate the vacuum in inches of mer- 
cury. Atmospheric pressure is approximately equal to 
30 inches of mercury, or 14.7 pounds per square inch abso- 
lute. Zero pressure absolute is equal to a vacuum of 30 
inches or 14.7 pounds below atmosphere. One pound dif- 
ference in pressure is roughly equal to a difference of 2 
inches of vacuum. 
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To change gauge pressure to pressure absolute add 14.7, 
or, roughly for practical purposes, 15 pounds. Twenty inches 
of vacuum is equal to 10 pounds below atmosphere, or 4.7 
pressure absolute. 

A compound gauge is one that is marked for both pres- 
sure above atmosphere in pounds and vacuum below at- 
mosphere in inches. 

Zero pressure on all classes of gauges generally used 
means the pressure of the atmosphere. 

Steam gauges in general use are of two classes, known 
respectively as the Bourdon gauge and the diaphragm 
gauge. In the diaphragm gauge, the pressure is resisted 
by a corrugated plate. The motion given to the plate 
by the pressure of the fluid or gas is transmitted to the 
hand. Diaphragm gauges are seldom if ever used on naval 
vessels. 

The Bourdon Gauge.—In the Bourdon Gauge, the pressure 
is exerted on the interior of a tube (oval in cross section) 
bent to fit the interior of a circular case. The application 
of pressure to the inside of this tube, which is connected 
by an external pipe to the vessel whose internal pressure 
is to be recorded tends to make the cross section round 
and thus to straighten the tube. This motion, communi- 
cated by means of racks and gears, rotates an arbor carry- 
ing a needle or hand. The forms of levers used for 
transmitting this motion are numerous. Some of the well- 
known types met with are shown in the figures. The lev- 
ers are, in general, adjustable in length, so that the rate of 
motion of the needle with respect to the bent tube can be 
decreased or diminished at will for adjustment. 

The teeth of the quadrant connected to the levers en- 
gage in a pinion wheel which is attached to the spindle 
actuating the pointer. By shifting the teeth that engage 
the pinion the position of pointer can be adjusted. On 
nearly all gauges lost motion of parts is to some extent 
taken up by a light hair spring wound around the needle 
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point. These hair springs should be of noncorrosive ma- 
terial. (Figs. 12, 13 and 14.) 


lel 





Fig. 12. Fig. 13. 


Gauges are now fitted as single or double spring. The double- 
spring type is used to overcome the effect of vibration. 
Double-spring gauges are now being made which are as 
sensitive as the single-spring type. 

The following are the requirements of the machinery 
specifications for steam and vacuum gauges: 

“All pressure and vacuum gauges will be of approved 
pattern, with seamless Bourdon tubes; those graduated to 
over 100 pounds will have double tubes. Each gauge will 
have an independent connection with the part whose pres- 
sure it is designed to register and will be suitably engraved 
to show to what it is connected. All interior parts to be 
made of noncorrosive materials. The dials to be made of 
brass silvered, with large figures and letters, cut deep and 
filled with black enamel. All gauges to be accurately and 
correctly graduated to at least one and one-half times the 
highest working pressure they are to register. All steam 
gauges will be plainly marked in red, at the working pres- 
sure permissible. The gauges to have heavy polished 
brass cases, with screwed bezels. All gauges in the engine 
room will be nickel plated. 
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The 8%-inch engine-room gauges will be grouped on 
gauge plates at the working platform. The other engine- 
room gauges will be on gauge plates as near the working 
platform as possible. 





Fig. 14. 


All gauges intended for steam to have siphons placed 
below them. These siphons must contain sufficient water 
to fill the spring when under pressure and prevent steam 
entering therein; the siphons must also'be so fitted that 
the water will not be drawn out of them when pressure is 
off gauge. 
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Each boiler gauge will be connected to the boiler through 
an inverted siphon, without drain cock, and fitted with a 
three-way cock and a coupling for attaching test gauge. 

Fitting Gauges.—All steam-gauge connections should be 
led from the tops of pipes. Boiler gauges should be led 
from the highest point of the boiler shell or drum. Vac- 
uum gauges should be led from the tops of condensers. 

Shut-off cocks should be fitted at the connection to the 
pipe or boiler drum, and just below the gauge. 

A drain cock should be fitted close to the gauge. This 
cock can be used to see whether the gauge is working or 
not or whether the pipe is clogged up. 

Drain cocks are sometimes arranged so that either the 
drain must be open or that the gauge is in connection with 
the cock ; in ‘other words, that the gauge can not be shut off 
without some indication from the drain. 

All steam gauges should be fitted with siphons (a round 
turn in the tube connection). The siphon acts as a con- 
denser, and causes the spring tube of the gauge to be filled 
with water instead of steam or air. 

Unless siphons are fitted gauges can not be counted on 
as being thoroughly reliable. A U-bend in the tube con- 
nection just below the gauge will act as a siphon, though 
not as well. 

When gauges are fitted with a long vertical connection, 
the connection will in time fill with water, and in this case 
the pressure recorded on the gauge will be the pressure 
in the pipe or vessel plus the weight of the column of 
water. Sometimes such gauges are adjusted for the 
amount corresponding to the column of water. 

Gauges to be accurate must be thoroughly well made 
of noncorrosive materials. Cheap gauges are a dangerous 
economy. 

Gauges should be tested for accuracy once a quarter 
and whenever indications of incorrect readings are ap- 
parent. 
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Gauge-testing apparatus is usually supplied. The ap- 
paratus consists of a pump or other means of obtaining 
pressure, and some method of attaching the gauge to be 
tested and a standard with which it is to be compared. 

One type (Star Brass Manufacturing Co.) of gauge-test- 
ing apparatus usually supplied to the Engineer Depart- 
ment of naval vessels is illustrated. (Figs. 15 and 16.) 

Testing Gauges.—To test the gauge see if gauge reads cur- 


WEIGHT OF PISTON: 
ANO PLATE =SL8S, 





Fig. 15. 


rectly with only the piston on. This is usually equal to 
5 pounds. Then place the weights successively and note 
the reading on the gauge. The weights should be rotated 
to overcome the error of the friction of the piston in the 
tube. If the gauge readings correspond to the weights 
placed on the tester the gauge is correct. 

Gauges should be more carefully tested at their working 
pressure, for it is at this position of their travel that correct 
readings are especially desired. If the readings do not cor- 
respond the gauge must be adjusted. First, it should be 
found out whether the gauge gives the correct increase 
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for increment of weight. If the increments are the same 
the pointer only needs adjustment. To adjust the pointer 
the sector is moved out of gear with the spur wheel or 
arbor and then put in gear again so that the pointer indi- 
cates the proper reading. Most gauges are fitted with a 
round arbor, and then the index can be shifted until it 
reads correctly. 

The hand puller supplied with the gauge-testing outfit 
should be used to remove the index. 





Fig. 16.—SEcTIONAL VIEW. 


If the increments of pressure are nearly constant or 
gradually increasing or diminishing, though not the same 
as the weights added, the gauge can be adjusted by alter- 
ing the length of the lever arm between the weight and 
the gearing, usually by slots or adjustable sleeves. 

If possible the gauge should be made to read correctly 
at its working pressure even if somewhat incorrect at 
other pressures. 

The pin to stop the motion of the hand is not placed 
at zero in high-pressure gauges, but is usually set at three 
to five pounds. 

Vacuum gauges are usually calibrated by a comparison 
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with a U-shaped mercury manometer. They can be com- 
pared with the mercury column usually fitted to the main 
air pumps. 


DEAD WEIGHT GAUGE TESTER—SECTIONAL VIEW. 
Fig. 45. 

To Fill Gauge Tester.—Place three-way cock with the 
wording “drain cylinder” on washer up with piston in 
cylinder A at the bottom, then pour oil in cylinder B and 
gradually withdraw piston in cylinder A until oil disap- 
pears, gradually filling cylinder B until piston in cylinder 
A is completely withdrawn, then fill cylinder B to top 
and the gauge tester is then ready for use. 

To Test Gauge-—Connect gauge with suitable connection 
that is furnished with gauge tester to union above three- 
way cock C, place handle of same so that triangular wash- 
er showing the wording “to test gauge” is uppermost, then 
insert piston D in cylinder B and add weights to same until 
required pressure is reached; piston D should be kept re- 
volving while making test. After making test, turn three- 
way cock so washer shows the wording “drain gauge” 
uppermost, then remove gauge, withdraw piston in cylin- 
der A, and remove weights as they were added. Care 
should be used in turning three-way cock so as to reduce 
pressure in gauge gradually. The plate on end of piston D 
should be kept about 2% inches above top of cylinder B, 
this may be done by screwing piston in cylinder A. After 
continued use reservoir E will become filled and cylinder 
A can be filled from same with piston in cylinder B with 
the. wording “drain gauge’ showing on washer of three- 
way cock, and gradually withdrawing piston in cylinder A. 

After using, remove piston D, and screw cap on cylinder 
B to protect same from dirt. Any light mineral oil may be 
used in the instrument. Suitable wrenches, etc., accom- 
pany the instrument for connecting gauges and adjusting 
same. 
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THERMOMETERS. 


The thermometers used are either ordinary portable 
thermometers or stationary ones located at various points. 

Permanent stationary thermometers are usually fitted 
for main injection and overboard discharge, on feed tanks, 
air-pump discharge, feed pipe, on boiler side of heater, and 
sometimes on the main steam pipe. 

Until recently the type fitted on most vessels was the 
metallic dial type. The principle of this thermometer is 
based on the difference of expansion between two different 
metals, copper and tin; the movement being used to move 
a pointer over a dial graduated to degrees of temperature. 
Owing to the corrosive effect of the moisture and the 
vibrations and shocks present in marine installations, these 
thermometers are usually found unreliable a short time 
after they are fitted. 

The following is the present requirement for thermometers 
for naval vessels. (Extract from machinery specifications. ) 

“There will be the following high-grade, fixed, mercurial 
thermometers, with 9-inch black scales and white figures, 
each in heavy brass case of V-section, front protected by 
heavy glass plate. 

“Each will be threaded for }-inch gas pipe and will have 
separable socket threaded for 34- or 1-inch gas pipe, the 
socket to be fitted with cap attached to chain. Stems not 
over 4 inches long. 

“Thermometers will be placed so as to be easily accessi- 
ble for reading and removal, and will be either straight or 
angle, depending on location. 

Casings and fitting to be of polished brass. 


Location and Number. Graduated to Degrees F. 
I on each main steam pipe................5 200 to 750 
I on each main injection pipe............++.. 150 
I on each main overboard-delivery pipe........ 150 
I on each air-pumip discharge................ 220 


ie I I eo eS, ce bole oo ae es 220 
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on main feed pipe in each engine room near 
discharge from feed heater..............-- 250 
1 straight-stem, nitrogen-filled, flue-gas thermo- 
meter, 30-inch stem, 12-inch scale case, with 


i) 


adjustable scale and flange, all in case....... 1,000 
1 6%4-inch metallic-dial platinum pyrometer with 

stem at least. 30 inches long............-++.. 2,000 
2 spare water thermometers.......-......... 250 
2 spare water thermometers................. 150 
I spare ice-machine thermometer............. ; 
8 spare mercurial thermometers for salinometer 


RE ike) «0 Pas CeRES +0 0.0 aRes we 150 to 240 


‘“‘ The air-pump discharge and feed-pipe thermometers will 
be so fitted as to waste no feed water. 

“Thermometers will be suitably engraved to show to what 
they are connected. 

The separable socket enables the thermometer to be removed 
for safe keeping during repair operations without delay or 
disturbance of connections. The requirement of a standard- 
size connection enables any one thermometer to be quickly 
replaced by any other. 

The detail of thermometers can be seen from the accom- 
panying Fig. 17. 

In order to avoid turning thermometer to screw it into the 
socket, some have this connection made with a union. By 
means of the union the thermometer need not be turned to 
fix it in place, and can be made securely tight in any position 
that may be best for reading it. 

The best types of thermometers are now hydrogen filled. 
The tube of the thermometer has the space above the mercury 
filled with the gas under pressure, which effectually prevents 
the scattering or separation of the mercury column and per- 
mits attaching the straight-stem type in a horizontal position 
or at any angle without incurring inaccuracies. This is a 
feature especially desirable on board ship. 
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Proper sensitiveness to changes of temperature is secured 
through a perfect metallic contact between the tapering stem 
of the thermometer and the surfaces of the socket. The accu- 
racy of this contact should be tested in inspecting thermome- 
ters. 

The space between the metal sleeve and the glass bulb is 
filled with mercury, hence there is direct metallic contact 
between the glass bulb and the substance whose temperature 
is measured. 

Pyrometers having a long stem are supplied for measuring 
smoke stack temperatures. They are portable and are only 
put into position on the smoke stack or uptake while the tem- 
peratures are being taken. They are constructed on the same 
principle that the metallic-dial thermometers are. 

The flue-gas mercurial thermometers registering up to 
1,000 degrees are used for the same purposes as the pyro- 
meters. 

Rules for the Care of Thermometers——Never expose a 
thermometer to a temperature likely to be close to or above 
the limit of its graduation. The mercury will expand, fill 
up the whole space, and then break the tube. Avoid jars and 
vibrations as much as possible; this should be considered in 
locating their positions. Keep thermometers right-end up 
to avoid scattering mercury. 

Thermometers should be frequently tested for freezing and 
boiling point, and compared with others that are likely to be 
accurate. 





CLEANING AND PAINTING. 


One of the most essential conditions to a thoroughly effi- 
cient engineering department is absolute, thorough cleanli- 
ness. A large part of the work in the engineer department 
consists in cleaning. All machinery is more efficient by being 
clean, while dirt surely hurries along deterioration. Cleanli- 
ness must, however, pervade to all the nooks and corners and 
to the out-of-the-way places not easily gotten at and which may 
perhaps be easily covered up. It must not be confined to the 
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conspicuous places, as is often the case, in order to have a 
very pleasing effect to the eye. Sometimes under cover, in 
hidden places, may be found alarming conditions of filth 
and deterioration. Very often there is a great deal of unneces- 
sary and unproductive work done in having a great deal of 
extra bright work, so that the machinery compartments will 
appear well to the eye. Such clean, showy and bright ap- 
pearance is very desirable, but when such extra bright appear- 
ance is secured at the expense of necessary repairs, it is a very 
bad practice. 

Cleanliness for the purpose of preventing deterioration is a 
prime necessity and this must especially apply to those parts 
not usually open to view. To be on the safe side there ought 
be a rule that the hidden places and places hard to get at 
are the ones that receive the most attention. If the out-of- 
the-way parts are thoroughly clean, parts readily open to view 
will take care of therrselves. 


PAINT. 


The principal object of applying paint is to preserve the 
material from corrosion or other destroying influences; 
the improvement in appearance is only a secondary con- 
sideration and should not be the guiding one. The dif- 
ferent kinds of paints have different properties and suit 
themselves to different conditions. ‘Paint is not all alike, 
and should not be used indiscriminately on anything. In 
every case care should be taken to use only such paint as 
is actually suitable to conditions of service. 

Color.—Engine-room and parts of boiler-room bulkheads 
are painted white in order to improve the light and also 
because white paint work shows up dirt more readily and 
is more likely to be kept clean. Wherever possible, white 
should be used, and is so directed by the Navy Regulations, 
Article 1,617. The lower portion of engine bulkheads and 
a large portion of boiler bulkheads are painted red or brown 
on account of wear on these parts and contact with dirt, 
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ashes, etc. Flanges are painted in accordance with the 
standard schedule of pipe colors issued .by the Bureau of 
Steam Engineering. Black is used on gratings, furnace 
fronts and various metal parts. Green, vermilion, alumi- 
num color and bronze are used for ornamentations. 

Preparation of Surfaces for Painting—The surface to be 
painted should be thoroughly cleaned before painting. If sur- 
faces are very dirty, dirt can be most easily cleaned off by using 
a solution of hot water and washing soda, caustic soda or lye 
(lye is very likely to remove some of the paint). When such 
alkali is used the surface should afterwards be thoroughly 
rinsed off with clean, fresh water. If there are any rust spots 
they should be scraped and touched up with red or white lead. 
Surfaces must be perfectly dry before paint is put on; otherwise 
the moisture on being evaporated will form blisters. Each coat 
of paint should be thoroughly dry before another is applied. 

In order to get a smooth coat, the surface should be smoothed 
down, using sand paper or a pumice stone. If old paint is blis- 
tered and rough it may be advisable to use steel scrapers to take 
off the blisters and rough places. But in scraping surfaces it is 
not advisable to scrape off good, hard paint except where it is 
lumpy. 

The various kinds of paints generally used, their general 
characteristics, etc., are given below: 

White Paint.—White lead is carbonate of lead; it is used 
generally for bulkheads. It does not stand a high temperature. 
is cheaper than zinc white, has a very good covering power. 
Generally used for first coat on bulkheads or places not sub- 
jected to high temperatures. 

Zinc White-—This is more expensive than white lead, 
resists heat and the action of the weather better. Zinc white 
with a slight addition of varnish gives a very smooth and 
lasting surface and-.should be used for finishing coat for white 
paint work on bulkheads of machinery compartments. 

Aluminum. or Pegnoid Paint is a silvery lustrous paint 
which has the property of withstanding wear and heat to a 
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high degree; it has great covering power and its color 
does not change. There are various kinds, some mixed with 
alcohol and others mixed with turpentine or other oils. Var- 
ious makes differ to a great extent in quality, Aluminum 
paint is very desirable for painting hot metal surface, such 
as valve bodies, steam ends of auxiliaries, steam pipes, etc. 
It does not cling well to brass or copper surface, such surfaces 
should first be painted with some other paint. 

Yellow Paint.—This is used for sides of bulkheads, bor- 
ders on white paint work, sides of ladders, etc. The usual 
base for yellow paint is yellow ochre or chrome yellow. 
For painting smoke stacks a wash of yellow ochre and kero- 
sene is found to do well. The stack should first have a coat 
of red lead and linseed oil. 

The following wash is used in English Navy: 17 pounds 
yellow ochre, 50 pounds whiting, 2 pounds glue, 1% pints 
linseed oil. Water as required for shade. 

The following has also been successful: 

Fire Proof Buff.—For 5 gallons: Take 2 gallons kero- 
sene, 5 pounds Spanish whiting and 5 pounds dry yellow 
ochre; allow this to soak two days, then add 15 pounds 
white lead and 1 pound of Venetian red dry; beat well to- 
gether and add turpentine to this. Lastly add % pint Japan 
dryer. 

Green Paint.—Usually supplied in cans, ground in oil 
and called engine green. It stands wear well and is a good 
paint for hot surfaces, is usually used for painting water end 
of pumps, water piping and parts of engine for ornament 
and for borders on other colors. 

Brown Paint.—Brown paint is usually brown zinc sup- 
plied ground in oil. It is a paint that will withstand heat and 
wear very well. Usually used for painting lower parts of 
bulkheads, coal bunkers and passage ways. Adding varnish 
adds to its wearing properties. It is a good paint to use as 
second coat in double bottoms and bilges. It will stand 
wear much better than red lead will. 
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Red Oxide of Iron.—This is of a brown-red color, is pre- 
pared from hydrated oxide of iron Fe,O;. It should be 
mixed with boiled oil and a proper addition of dryer. If 
sufficient dryer is not added to the paint it is likely to be 
sticky. Careful stirring and mixing is required, which should 
be done by an experienced hand, This paint is suitable for 
preserving metal surfaces from rust, and may be used in 
confined spaces when the use of red lead might be prejudi- 
cial to the health of men applying it. To dry this paint the com- 
partments should be specially ventilated. This paint is often 
called boot topping. 

Burnt Sienna is another brown paint. It is usually supplied 
in oil; it is considerably more expensive than brown zinc. 
It may be used for painting stripes, borders, etc. 

Red Lead.—Red lead is a mixture of two oxides of lead; 
it is obtained in powdered form and should be mixed with 
boiled linseed oil. In mixing it care should be taken that it 
is not too thick. An addition of turpentine will greatly im- 
prove the drying qualities. This paint is a very good pre- 
servative against rust, but the surfaces to which it is applied 
should be thoroughly clean and dry when it is applied. Red 
lead should be kept well stirred while being used. 

Red lead is very generally used for protecting stationary 
iron or steel work where there is moisture and no exces- 
sive heat, such as double bottoms, bilges, foundations, boiler 
supports, pipes in bilges, etc. Red lead should be used as a 
first coat. It does not wear as well as some other metallic 
paints which can better be used as a second coat. Painting 
red lead in confined spaces is very unhealthy. Men should 
not be kept at this work for a long continuous period, and 
when so engaged should be frequently examined by the med- 
ical officer. 

The following is a special preparation for red lead to be 
used for painting ash pans, boiler supports, etc. It withstands 
the action of heat very well. Seventy-five per cent. red lead, 
17 per cent. Venetian red, 6.5 per cent. whiting, 1.5 per cent. 
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litharge. Mix with 25 per cent. dryer, 50 per cent. raw 
linseed oil, 25 per cent. turpentine. 

Venetian Red.—This usually comes prepared for use 
ground in oil. It is used on flanged ends of shafts, bodies 
of gear wheels and for other ornamental purposes. 

_ Vermillion—This is used in the same way as Venetian 
red. Both of these pigments are used to color other paints 
and especially for coloring shellac. 

Graphite Paint.—This consists of graphite with a portion 
of silica added as a filter, it is mixed with boiled linseed oil 
and is obtained either mixed ready for use or ground in oil. 
It is supplied in several colors—natural slate, black, dark 
red and olive green. This paint is peculiarly efficient as a 
protective pigment for metals, it is also very durable and will 
stand high temperatures without blistering. It is a good paint 
for protecting outside surfaces of steam pipes. It is a good 
priming coat, and will withstand sulphur flames which cause 
red lead to decompose. It has good covering power, about 
600 square feet per gallon, and produces a good surface which 
is readily cleaned. It is successfully used for painting smoke 
stacks, boiler casing, bulkheads, ventilating ducts, framing, 
etc. It can be purchased in various colors: 

Black Paint.—Japan black or asphaltum varnish, lamp 
black, black enamel, black shellac. The paint mostly used 
is asphaltum varnish of Japan black. This is usually sup- 
plied ground in oil; it is a mixture of asphaltum, linseed 
oil, litharge and copperas. It gives a very smooth surface 
and will stand great heat. It is used to paint furnace fronts, 
rails, ties and cylinders of auxiliaries, other iron work, and 
for borders, etc., to show up white surfaces, It is not ad- 
visable to use this for gratings, as it does not dry quickly 
and has a sticky surface. Lamp black can be mixed with 
linseed oil, and gives a desirable black paint, but not the 
smooth, shiny surface of asphaltum. . 

Lamp black and kerosene make a good covering for very 
hot surfaces. Graphite and kerosene is very necessary for 
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furnace fronts. Black shellac may also be obtained, it has 
the quick drying property of shellac. 

There are various special preparations of black paint sup- 
plied either ready for use or ground in oil. 

Shellac—Gum shellac mixed with alcohol and colored 
with Venetian red is largely used for decks. It is desirable 
for painting lower parts of bulkheads in boiler rooms and the 
pumps and other machinery located in these compartments. 
It will not do well for very hot surfaces as it may crack. 
The great advantage in its use is its rapid drying quality 
and fine, smooth surface from which dust can be easily 
brushed or rubbed. Salt-water soap leaves a white stain on 
shellac when not properly rinsed off. 

Varnishes.—Oil varnishes are made from rosin, linseed 
oil, turpentine and some spirit by a process of boiling and 
heating. Varnish should be added to the finishing coat of 
most paint used on bulkheads and any extensive surface. It 
serves to give a glossy, smooth and hard surface from which 
dirt can be more easily brushed and which will withstand 
scrubbing. If too much varnish is added the paint will not 
dry readily. 

Varnish applied by itself on a coat of paint is apt to pro- 
<luce a hard, streaky surface, liable to crack, and on board 
ship it will generally be found more advisable to add the var- 
nish directly to the paint used for the last coat. 

Turpentine is a resinous oil obtained from the pitch pine. 
It is a very good vehicle for paint, especially for light coats. 
It is a good medium to use for paints subject to high temper- 
atures. It improves the drying qualities of paint mixed with 
other oils. White paints mixed with it do not turn yellow as 
teadily as when mixed with linseed oil. Turpentine is a 
dangerous combustible and is usually stored in a special 
chest on the upper deck when it may readily be thrown over- 
board in case of fire or when going into action. 

Linseed Oil is made from flax seed, often adulterated with 
cotton seed or mustard seed oil. Boiled linseed oil is obtained 
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by heating the raw oil to a temperature of 400 degrees Fahr- 
enheit with metallic oxide or dryers. Boiled oil dries more 
rapidly than raw oil and gives a hard, lustrous coat. This 
coat is, however, deficient in elasticity and liable to crack; 
hence, raw oil is added. The same result, or a better one, 
is obtained by using raw oil and prepared oil varnish, Lin- 
seed oil is more in general use for painting than any other oil. 
With few exceptions, paint mixed with linseed oil should not 
be applied on hot surfaces, as it will blister and crack. 
Kerosene is used for mixing paints subject to high temper- 
atures, as yellow wash on smoke stacks, lamp black or 
graphite on furnaces, white paint on boilers and cylinders of 
engines. Paints mixed with kerosene do not give a very 
good, lustrous coat, but they do not blister. White lead 
mixed with kerosene with blueing added does not turn yellow 


with heat. 
MATERIAL FOR CLEANING. 


Surfaces to be cleaned are paint work on bulkheads, boilers: 
and parts of machinery, bright steel work of machinery, 
brass work of machinery and brass plates and covers, lag- 
ging, dull iron surfaces of boilers, cylinders and floor plates. 

Scrubbing Paint Work.—Materials used for this purpose 
are soap, soda and kindred alkalis, such as carbonate of soda, 
caustic soda, lye (caustic potash), commercial washing pow- 
ders, such as Gold Dust, Pearline and Sapolio. 

Soap.—Salt-water soap is strong in alkali and is the mate- 
rial most commonly used for scrubbing. Waste, sponges, 
swabs or flannel rags are used for rubbing, the latter being 
probably the most effective. Salt-water soap leaves a white 
stain on the surface when not properly rinsed off with fresh 
water. Brown soap is not as strong as salt-water soap, it 
should be dissolved in hot water and not rubbed over paint 
work. Soda and alkali preparations are dissolved in warm 
water and the solution is applied with swabs or brushes. 

Caustic soda and caustic potash (lye) are the strongest 
alkalis, and in using them care must be exercised to see that 
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too much is not added, as a too strong solution is apt to 
injure the hands or remove the paint as well as the dirt. 

The specially prepared washing compounds are found very 
good for getting the tiling and bowls of wash rooms clean 
and white. 

Bright Steel Work.—The moving or wearing parts should 
be cleaned by using oil and rubbing with waste or rags. 
Emery cloth and burnishes should never be used on a wearing 
part. 

Stationary steel work should be cleaned by using oil, but 
emery cloth, crocus cloth and burnishes may be used to 
obtain a good appearance. 

Steel bright work that is to stand idle any length of time 
without attention, should be treated to a coat of vaseline 
or white lead and tallow. The latter is largely used to coat 
bright surfaces of spare gear when it is stowed away. 
Such surfaces should, however, be scraped off about once 
a year, all rust removed and then coated again. 

Brass Work.—This consists of rails, label stamps, instru- 
ment cases, valves, lagging strips, etc. This is cleaned by 
the use of oil and putzpomade, or a mixture of powdered 
bath brick, oil and putzpomade. Specially-prepared pol- 
ishing powders, silicon, etc., rubbed with waste or news- 
paper will give a good shiny polish. In cleaning brass 
work care should be taken not to smear too much pomade 
over the surfaces as it is likely to soil adjacent paint work. 
Brass work should be rubbed thoroughly dry with waste 
or newspaper. It is not considered advisable to keep all 
brass parts of machinery polished; large portions should 
simply be gone over with oily waste or rags to prevent ver- 
digris from forming. All bars, rails and label plates should 
be kept well polished. 

Lagging.—Metal lagging is either galvanized or Russia 
iron. Galvanized iron is often painted; it can be scrubbed 
with soap or soda. Russia iron can be cleaned by rubbing 
over with turpentine or alcohol, as these spirits will dis- 
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solve any dirt or paint spots that may be present. Alcohol 
also gives a shiny surface to Russia iron. Wood lagging 
is usually varnished. It can be brightened up by rubbing 

Tron Surfaces.—Dull iron surfaces are cleaned by rubbing 
over with oily waste, or waste dipped in turpentine. Such 
surfaces are brightened up by applying graphite and kerosene, 
ot by use of stove polish. Floor plates are cleaned by using 
hot ashes and wire brushes and by rubbing them with turpen- 
tine or kerosene. ‘To obtain a very good appearance they are 
brushed over with graphite. 

Bilges.—Bilges are usually cleaned out once a _ week. 
Pieces of waste and other material that have found their 
way to the bilges are picked up, strainers are taken out and 
cleaned, dirty parts of paint work are swabbed with lye 
water. After this has been done the bilge is washed out 
with a hose and then pumped out, bailed and sponged dry. 
Bilges and all pipes below floor plates are kept well painted 
with red lead or brown zinc. It is important that brass 
or copper pipes in bilges be well covered with paint on 
account of the liability of galvanic action being set up 
when pipes are bare and immersed in the salt bilge water. 
When rust spots or blisters show on the paint work of 
bilges these should be scraped and a new coat of paint ap- 
plied. The first coat of paint in bilges, that is, the paint 
next to the surface of the metal, should be red lead. 
Brown paint or graphite paint may be used as a second 
caat, as this produces a good wearing surface. 

When pitting is observed in the metal plates, the cause 
for the galvanic action should be investigated and pre- 
vented. It is also advisable to clean out such pit holes and 
fill them with cement. 

Double Bottoms.—Double bottoms are required to be kept 
dry and clean of everything, except in accordance with 
Art. 1,641, U. S. Navy Regulations, fresh water can be car- 
ried whenever the captain may deem this advisable. 

The priming coat of paint for double bottoms is red lead 
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mixed with linseed oil. The second coat may be red or 
white lead, or brown zinc, the latter being more durable. 
White is used so as to be able to detect rust more readily 
and to facilitate inspection. 

The lower portions of double bottom compartments are often 
cemented to properly protect the metal. When cracks occur 
in this cement there is danger of the moisture getting under- 
neath and causing corrosion. 

Double bottom compartments are required to be in- 
spected each quarter. The principal work in keeping double 
bottom compartments in order is in drying out the water 
that condenses, due to sweating, and the scraping and 
touching up of rust spots. If the compartments are prop- 
erly looked after, it should not be necessary to give them 
a complete new coat of paint for several years. 

Before entering a double compartment an open light is 
required to be let down. If the light does not burn brightly 
the compartment must be ventilated. This can be done by 
opening the manholes and starting the drainage pump on 
the compartment. The pump will pump out the stagnant 
air and fresh air will be supplied through the manhole. 
Portable electric blowers with canvas hose are also pro- 
vided for ventilating such compartments. 

Care of Bunkers.—Coal bunkers are required to have their 
paint work examined and touched up where necessary 
every quarter. The bunkers are first swept down with 
wire brushes; blisters or bad places are scraped and red 
leaded, and, if considered necessary, a new coat of red lead 
or of brown zinc is added. Paint work in the vicinity of 
chutes and scuttles usually needs attention due to wear 
from the coal and leakage of water from the decks above. 

The following is the standard for the coloring of pipes 
adopted by the Bureau of Steam Engineering :— 
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STANDARD COLORS OF PIPES 


COLORS TO BE USED IN PAINTING THE SEVERAL PJ PES’ 
FITTED ON BOARD OU S.VEASSELS, AND ALSO IN 
REPRESENTING THEM ON THE ORAWINGS SUPPLIED FOR 
SHIPS FILES. 

A BLACK BAND OR COUPLING SIGNIFIES A LEADING SUPPLY 
OR SUCTION PIPE, A RED BAND OR COUPLING SIGNIFIES 
AN EXHAUST OR DELIVERY PIPE. 
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U. S. S. MINNESOTA. 
DESCRIPTION AND OFFICIAL TRIAL. 


By COMMANDER R. T. HALL, U. S. NAvy, MEMBER. 


The Minnesota (first-class Battleship No. 22) built by the 
Newport News Shipbuilding and Dry Dock Company, New- 
port News, Va., is one of three first-class battleships author- 
ized by Congress in an act approved March 3, 1903, and is 
the first of these three ships to have her trials. 

The two sister ships are the Vermont, building at the Fore 
River Shipbuilding Company’s works, Quincy, Mass., and the 
Kansas, building at the New York Shipbuilding Company’s 
works, Camden, N. J. 

The contract for the construction of the /zznesota was con- 
cluded the 20th day of June, 1903, and provided for the de- 
livery of this vessel in forty-two months from that date, that 
is, on or before December 20th, 1906. The time limit was 
not extended. 

The contract price was $4,110,000, of which $1,000,000 was 
allowed for the building and complete installation of the ma- 
chinery under cognizance of Bureau of Steam Engineering. 

The guaranteed speed of the vessel on trial of four hours’ 
duration was not less than an average of eighteen knots an 
hour, during which period an air pressure not exceeding one 
inch of water was allowed in the firerooms, and the vessel 
weighted to a mean draught of twenty-four feet six inches. 

The designed indicated horsepower of the propelling en- 
gines was to be about 16,500 when making about 120 revo- 
lutions a minute with a steam pressure of 250 pounds. 

Failure to attain the guaranteed speed of eighteen knots 
under the stipulated trial and conditions entails penalties at 
the rate of $50,000 per quarter knot for speed between 18 and 
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17}? knots, and $100,000 a quarter knot for speed between 17# 
and 174 knots, and that if the vessel should fail to exhibit an 
average speed of at least seventeen and one-half knots an hour 
it should be optional with the Secretary of the Navy to reject 
her or to accept her at a reduced price and on conditions to 
be agreed upon. 

The keel of the Minnesota was laid October 27, 1903, four 
months after concluding the contract. 

The hull was launched April 8, 1905, one year and ten 
months after signing the contract, and one year and five 
months after laying the first keel plate. 








COMPLEMENT. 
Admiral, . r ey Seaman branch, . . 401 
Chief of staff, . oe de Artificer branch, . ee” | 
Commanding officer, 1 Engine-room branch, . 226 
Wardroom officers, . 19 Special branch, . a ee 
Junior officers, . . oe Messinen branch, . — 
Warrant officers, . 9 Marines, R ae 
Additional for in. 
5! — 
840 840 

Total, . ‘ 891 


GENERAL HULL DATA. 


Length between perpendiculars, feet and inches..................++ 450-00 
Projection forward of F. P., feet and inches..............ssesssesesees 6-04 
ee i ag I IE MII ccacoccsndcccsnconccesosenbindss 0-00 
RG OPE G1, TARE COE RENO sions cesccctscesntscectes .ccseccesecceveuse 456-04 
of L. W. L., feet and inches... patie beads neaaiwb tea eate 450-00 
between perpendiculars, feet ond ectein. lesewaanarvedscueuts 450-00 
POORGET:, TIGNES, TOOL DING TRCIOR sa ccccnsseccsccrscnesecesoscerssocsenans 76-054 
Se, TORE GINS TTI occu ens csntncecstcasccecscoseascosts 76-10 
Depth, molded, main deck side at M. S. (564), feet and inches 43-018 
IE, I, SHOE BIE TRIIGE onsen ccc sessscncvnserisccngsoctccsnneaasdeecsn 24-06 
PIN nooo leccacsskeslisiccecevansdacainapehoedeueiivotats 5.856 
Displacement (normal, 24 feet 6 inches draught), trial, tons.... 16,000 


(Estimated goo tons coal, 50 tons reserve feed water. ) 
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Area midship section, square feet...............sccceccsccses.csscesresseses 1,808 
Fer Tig PR, III TONNE asin on ieee nn ccecescciesesarsnanessosacese 26,560 
SE SE, SIE GI aiinasicin scores cscnsicegeasneresateanciaces 44,500 
C.G., L.W.L. plane aft of M.S. (564), feet............ccccccccssssssees 4.4 
C.B. above bottom of keel, feet and inches................sseesssseeees 13-04 
ee FiO i itaten seccenspsanescs rsenninwidtebnenvass -765 
Transverse metacenter above C.B., feet and inches................+ 18-094 
Longitudinal metacenter above C.B., feet and inches............... 538-06 
Comieietet oF Game, CA ashes sancicas seciniecsisésoctnsaseosssisseces: -6592 
I I hareecics. cxnteenke pancguctencices -9604 
Dt IN pe icnsci pinessiivamsachssncantdeans -7683 
CT yan e os.ans osteios seseninnionsceosousse 6873 


Shafts incline up and aft at angle of 55 minutes 42 seconds. 
Diverge at angle with center line of 25 minutes 41.2 seconds, 
Center line at 72: 10 feet 6inches from center line of ship, 7 feet $ inch from 
base line. 
Center line 12 inches aft 108: 11 feet 7 inches from center line of ship, 9 feet 
4% inches from base line. 
Rake up, .19446 inch per foot ; out, .08966 inch per foot. 


Screws, diameter, feet and inches. ones coos 17-03 
pitch, adjustable 17 feet to 19 feet, feet ‘end inches.. eoeeee 18-00 
area expanded, square feet........0......000..cosscocsesces esceee 84.5. 
DRRENRM, SUNRISE 0 05:p 0 kncgecan secqnoweey ascenebecsomapastons 71.5 
center forward of A.P. (26 inches aft 108), feet and in. 16-10 
Rudder axis forward of A.P. (3 feet 9 inches aft 108), feet and in. 15-03 
Strut center line forward of A.P. (20 inches forward 108), 
PT RD TS pica. disney oncge bite poraene 3ahge ea aaiocbedi eetadbios 20-08 
Number of frames (spaced 4 feet throughout)............sescccessess 112 
WataeR at: COMIIITIIR ics cn sisiscniscccssnncencceasadectnececesses 314 


GENERAL DESCRIPTION. 


The hull is made of basic, open-hearth steel, with frames 
spaced 4 feet apart, except under the engine compartment, 
where the frames are spaced 2 feet apart. 

The inner bottom extends from frame 12 toframe 98. ‘The 
double-bottom compartments between frames 583 and 674 
are arranged for use as reserve-feed tanks, and will hold 
150 tons of feed water. A coffer dam, 30 inches in width, 
extends the entire length of the ship about the protective 
deck, being carried to a height of 3 feet above the protective 
deck, and is packed with corn-pith cellulose in those parts 
forward and abaft the midship armor. All unexposed decks 
throughout the ship are covered with linoleum, except in the 
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magazines and certain storerooms which are fitted with wood 
shutters, and in rooms, water closets, etc., where tiling is used. 

The Superstructure.—The superstructure, built on the main 
deck, extends from frame 35 to a point 21 inches abaft frame 
79, or between the 12-inch turrets; it extends the full width 
of the ship between the forward and after pairs of 8-inch tur- 
rets ; it is recessed to make room for these turrets, and is cut 
away to permit a dead-ahead fire for the forward pair and a 
dead-astern fire for the after pair of 8-inch turrets. It is also 
cut away at the corners to give an arc of fire of 135 degrees 
for the 12-inch guns, forward and aft. 

The Bridge Deck.—The bridge deck forms the top of the 
superstructure. Over the forward end is built the forward 
bridge, on which is the chart house, emergency cabin, entrance 
to conning tower and the torpedo-directing station, which is 
joined to the forward side of the conning tower. Over the 
forward bridge is the usual flying bridge, on which are the 
steering compass, two searchlights and the usual navigating 
instruments. The standard compass is mounted on top of 
the chart house. 

On the after end of the bridge deck is the after bridge, from 
which is the entrance to the armored signal tower. 

Top Hamper on the Superstructure.—There is one electric 
boat crane on each side of the ship, of 15-tons capacity, lo- 
cated abreast of the after funnel. The boats, with the excep- 
tion of two 30-foot whaleboats, 30-foot barge, 30-foot gig 
whaieboat, and two 30-foot cutters, which are on the main- 
deck davits, are stowed on the bridge deck. The dinghies 
are located abaft the after funnel, between the recesses for the 
after pair of 8-inch turrets, the 16-foot dinghy nested in a 20- 
foot dinghy on port side near center of ship, and the 14-foot 
dinghy in the other 20-foot dinghy on starboard side near 
center line. The other boats are stowed abreast in wake of 
the middle and after funnels. Beginning outboard, those lo- 
cated under starboard crane are: one 50-foot steam cutter, 
which is temporarily replaced by a 40-foot steam cutter; one 
36-foot steam cutter, and one 30-foot cutter, which is nested 








U. S. S. MINNESOTA. 1147 


in a 33-foot launch. Under the port crane are: one 36-foot 
steam cutter; a nest of one 30-foot cutter; one 33-foot launch 
and one 36-foot launch; and a nest of one 30-foot cutter and 
a 33-foot launch. 

Main Deck.—The main deck extends the full length of the 
vessel, the superstructure partially covering it, as described 
above. At the bow is a waist plate, 3 feet 6 inches high, ex- 
tending aft to frame. 

Anchors, etc.—There is one anchor crane on each side, for 
handling Navy-type sheet anchors, bill boards for which are 
located between frames 9 and 13. There is, however, but one 
Navy-type anchor provided, which weighs 17,490 pounds, and 
which is stowed on the starboard bill board. The tackles for 
these cranes are operated by electric winches abreast windlass 
house. There are two hawsepipes on each side, opening 
through this deck on to the forecastle, from which the chains 
have a direct lead to the windlass house, which is in front of 
the forward 12-inch turret and projects above the deck so that 
the chains enter the front, directly to the wildcat. In the 
forward hawsepipes are carried two 17,350-pound Baldt stock- 
less anchors. There are also two kedge anchors, weighing 
810 and 410 pounds, carried forward, and a 5,655-pound stern 
anchor and a 4,160-pound stream anchor, carried aft, all stowed 
against plating of superstructure. Forward, two 20-foot 
dinghies are stowed for harbor position only and two 30-foot 
cutters permanently, and aft there are two 30-foot whale boats, 
a 30-foot barge and a 30-foot gig whale boat. 

Within the superstructure, and at its forward end, is the 
crew’s galley and mess issuing room; amidships is the of- 
ficers’ galley, and aft are the general mess pantry, paymaster’s 
and executive offices, battalion lockers and wireless-telegraph 
room. Drying rooms are located around all funnels. 

Gun Deck.—Forward, on this deck, are located the crew’s 
showers and washroom, petty officers’ and machinists’ water- 
closets, and the staterooms of the sergeant of marines and 
master-at-arms. Between the 12-inch barbettes is the 7-inch 
battery, in which space are located the bakery, printing office, 
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brigs, junior, warrant and wardroom officers’ lavatories, baths 
and shower baths; armory and engineer’s, navigator’s and ord- 
nance officer’s offices. Abaft of the after 12-inch barbette are 
the admiral’s, captain’s and chief-of-staff’s quarters and eight 
wardroom staterooms. 

The admiral’s quarters are unusually spacious, and take up 
nearly the entire after part of this deck. 

Due to the installation of 7-inch guns on this deck, the deck 
height is greater than has been previously customary, being 
8 feet 7 inches between decks and 7 feet 9 inches to bottom 
of beams. This necessitated special arrangements for the 
hammock hooks, which extend about 7 inches below bottom 
of beams. 

Berth Deck.—On this deck are located, beginning farward, 
lamp rooms, stowage for oils, paint-mixing rooms, commis- 
sary stores and band rooms, the isolation ward, sick bay and 
its bath, dispensary and operating room. The machinists’ 
and petty officers’ quarters and washrooms and the refrigerat- 
ing plant are abreast the forward 12-inch barbette ; adjoining 
these are the steam laundry, general mess stores and paymas- 
ter’s issuing room. ‘The firemen’s and servants’ washrooms 
are on the center line between uptakes and take up their en- 
tire length. Abaft of uptake is the evaporator room. The 
general workshop is over the engine space, between hatches. 
Abreast of the engine-room hatches and after barbette are the 
junior and warrant officers’ quarters and mess rooms, on star- 
board and port sides respectively. Abaft, are the wardroom 
officers’ quarters ; farther aft several showers are provided. 

Protective Deck.—This deck extends the full length of the 
ship and is 3 inches thick on the slopes and 1} inches on the 
flat. The coffer-dam previously mentioned extends its entire 
length, and the spaces between the slopes and berth deck are 
used for stores, except from frame 40} to 72, where the berth- 
deck coal bunkers extend to this deck. 

Platform Decks and Hold.—There are two platform decks. 
On these decks are the magazines, storerooms, handling rooms, 
etc. On the upper platform are the 8-inch ammunition, for- 
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ward fresh-water tanks, and one dynamo room at each end of 
the boiler compartments, and the steering gear and engine- 
On the lower platform are the 7-inch, 3-inch and 3-pdr. mag- 
azines and the forward and after torpedo rooms. In the hold 
are the chain lockers, magazines, 3-inch and 3-pdr., 1-pdr., 
30-caliber and saluting powder, for naval-defense mines and 
torpedo war heads; also the after fresh-water tanks. 


ARMOR. 


The side belt is a complete water-line belt, 9 feet 3 inches 
wide amidships, for the length of the lower casemate; forward, 
this width is reduced to 8 feet and aft to 71 inches; from 
frames 24 to 95, or 285 feet in wake of machinery spaces, the 
thickness is 9 inches, parallel. 

Forward and aft of these points the thickness is 7 inches at 
top, tapering to five inches at bottom, then reduced to five 
inches constant thickness, then to four inches constant thick- 
ness. Top of belt is a straight line 4 feet 3 inches above L. 
W. L. 

Covering the middle length of the ship there is a lower 
casemate belt of 7-inch armor extending from the top of the 
heavy side belt to the lower edge of 7-inch gun ports, 2 feet 
8 inches above the gun deck. Above this, and extending to 
the height of the main deck, is a 7-inch belt, which is bent in 
to form wing plates at the 7-inch gun ports. 

Between the gun deck and the protective deck, at frames 
24 and 94, there are athwartship casemate bulkheads 6 inches 
thick ; these are outside of the 12-inch barbette. Between 
the gun and main decks are similar 6-inch bulkheads at 
frames 28 and 86, connecting to the 12-inch barbettes. These 
athwartship bulkheads connect the ends of the casemate 
armor, forming a complete central casemate. 

Between the gun deck and main deck, athwartship, splinter 
bulkheads of nickel-steel are provided for protection of 7-inch 
battery, each gun being thus in an isolated protected com- 
partment. These are of 60-pound plates and located at frames 
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36, 50, 57, 64.and 78 ; those in wake of boiler uptakes not being 
continuous, those at frames 36 and 78 being continuous. A 
continuous fore-and-aft splinter bulkhead of 80-pound nickel- 
steel plate is fitted between 12-inch barbettes. Armored 
hinged doors are fitted in splinter bulkheads where necessary 
to provide access. 

The 12-inch barbettes are 10 inches in thickness at front 
and 7} inches thickness at back, from the top to the gun 
deck, and 6 inches between gun deck and protective deck. 
The 12-inch turrets are 12 inches thick on slope, remainder 
being 8-inch, top plate 24 inches. 

The 8-inch barbettes are 6 inches thick at front and 4 
inches thick at back, with tubes from main to gun decks of 
3¢ inches and from gun to protective deck of 3 inches thick. 

The 8-inch turrets are 6} inches thick on slope, remainder 
6 inches ; top plates 2 inches thick. 

The conning tower is 9 inches thick and fitted with a swing 
door. The armored tube for communication is 6 inches 
thick. The signal tower aft is 6 inches thick. 


BATTERY. 


The 12-inch guns are mounted in pairs in two elliptical, 
electrically-controlled balanced turrets, one forward and one 
aft on center line, each having an arc of fire of 270 degrees. 

The 8-inch guns are mounted in pairs on four elliptical tur- 
rets, located two on each side and about equally spaced be- 
tween the two 12-inch turrets. Each pair have an arc of fire 
of 145 degrees, the forward pairs from go degrees forward to 
55 degrees abaft beam ; after pairs, vice versa. 

The 7-inch guns, twelve in number, are mounted singly on 
pedestal mounts with shields, in the central armored case- 
mates on gun deck, each having an arc of fire of 110 degrees. 

The secondary battery consists of twenty 3-inch R.F., 
twelve 3-pdr. semi-automatic Hotchkiss, two 1-pdr. H.R.F. 
automatic, two 30-caliber Gatling machine guns. Four 21- 
inch submerged torpedo tubes are provided for, two forward 
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and two aft. There are two Barr and Stroud range finders, 
one in each upper military top. 

The following table gives the location and train of all guns, 
viz: 


Four 12-inch B.L.R., 135 degrees port and starboard of cen- 
ter line of ship. 


No. 1, forward turret, right hand. 
2, forward turret, left hand. 
3, after turret, right hand. 
4, after turret, left hand. 


Eight 8-inch B.L.R. 


No. 1, forward starboard turret, right hand, 90 degrees forward, 35 de- 
grees abaft beam. 

2, forward starboard turret, left hand, 90 degrees forward, 55 de- 
grees abaft beam. 

3, forward port turret, right hand, 90 degrees forward, 55 degrees 


abaft beam. 

4, forward port turret, left hand, 90 degrees, forward, 55 degrees 
abaft beam. 

5, after starboard turret, right hand, 90 degrees aft, 55 degrees for- 
ward beam. 

6, after starboard turret, left hand, 90 degrees aft, 55 degrees for- 
ward beam. 

7, after port turret, right hand, go degrees aft, 55 degrees forward 
beam, 

8, after port turret, left hand, 90 degrees aft, 55 degrees forward 
beam. 


Twelve 7-inch R.F., on gun deck. 


Nos, 1 and 2, frame 31, 90 degrees forward, 26 degrees abaft beam. 
3 and 4, frame 39, 734 degrees forward, 42} degrees abaft beam. 
5 and 6, frame 53, 70 degrees forward, 46 degrees abaft beam. 
7 and 8, frame 61, 46 degrees forward, 70 degrees abaft beam. 
g and Io, frame 75, 424 degrees forward, 734 degrees abaft beam. 
11 and 12, frame 83, 26 degrees forward, 90 degrees abaft beam. 


Twenty 3-inch 50-caliber R.F. 


Nos. 1 and 2, gun deck, frame 164, 90 degrees forward, 30 degrees abaft 
beam. 

3 and 4, gun deck, frame 101, 30 degrees forward, 90 degrees abaft 
beam. 

5 and 6, gun deck, frame 109, 30 degrees forward, 90 degrees abaft 
beam. 
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Nos. 7 and 8, main deck, frame 52}, 60 degrees forward, 60 degrees abaft 


beam. 

g and 10, main deck, frame 57, 60 degrees forward, 60 degrees abaft 
beam. 

11 and 12, main deck, frame 61, 60 degrees forward, 60 degrees abaft 
beam. 

13 and 14, upper deck, frame 364, 90 degrees forward, 10 degrees 
abaft beam. 

15 and 16, upper deck, frame 50, 90 degrees forward, 10 degrees abaft 
beam. 

17 and 18, upper deck, frame 774, 10 degrees forward, 90 degrees 
abaft beam. 

19 and 20, forward bridge, frame 37, 90 degrees forward, 25 degrees 
abaft beam. 


Ten 3-pounder semi-automatic Hotchkiss. 


Nos, 1 and 2, upper deck, frame 394, 45 degrees forward, 45 degrees abaft 

beam. 

3 and 4, upper deck, frame 75, 45 degrees forward, 45 degrees abaft 
beam. 

5 and 6, forward bridge, frame 40}. 

7 and 8, after bridge, frame 744. 

g and io, after bridge, frame 77}. 

11 and 12, after bridge, frame 79. 


Two 1-pounder H.R.F., automatic. 


Nos. I and 2, upper deck, frame 644. 


Two machine guns, 30-caliber Gatling. 


Nos. 1 and 2, forward bridge, frame 35. 


Four torpedo tubes, 21 inches, 2 forward, 2 aft. 
AMMUNITION SUPPLY. 


Ammunition hoists are provided in number and speed de- 
signed to obtain as far as practicable a full supply of ammu- 
nition necessary for all guns firing at maximum speeds. In 
addition to the usual hoists in 8-inch and 12-inch turrets, 
there are twelve 7-inch hoists capable of handling either 
shell or charges, and fourteen combined 3-inch, 3-pdr. and 
1-pdr. hoists. All hoists not within the armored citadel are 
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protected with 80-pound nickel-steel plates. In order to sup- 
ply ammunition to the hoists located along the ammunition 
passages on each side of lower platform deck, four continu- 
ous-motion ammunition-belt conveyors, each about 80-feet in 
length, are provided. These convey the shell and charges 
from the magazines located forward and abaft the machinery 
spaces on that deck. 

These conveyors are so designed as to deliver ammunition 
to any of the hoists, the two forward ones supplying forward 
hoists, and two after ones the after hoists. They can also be 
operated in reverse direction to take ammunition into maga- 
zines. The shells.are carried to the conveyor loading table 
from the shell room by means of trolleys on overhead rails. 
Charges and fixed ammunition are carried to conveyor by 
hand. The magazines for 8-inch and 12-inch ammunition 
are located on upper platform deck forward and abaft the 
machinery spaces. The 8-inch ammunition is carried from 
the magazines to base of turrets through the passages on dif- 
ferential blocks running on overhead trolleys. The 12-inch 
magazines are located adjacent to the handling rooms for 
those turrets. 

The preceding table gives the number, location and type of 
the ammunition hoists, with the capacity of each. 

All the 7-inch hoists combined can hoist all the 7-inch am- 
munition in about forty-one and a-half minutes. 

Hoists 5, 6, 19 and 20, assisted by 23 and 24, can hoist all 
3-pdr. and 1-pdr. ammunition in about eighteen minutes. 

Hoists 11, 12, 15 and 16, and 19 and 20, assisted by 23 and 
24, can hoist all 3-inch, 3-pdr. and 1-pdr. in about twenty-three 
and one-half minutes. 

About 10 per cent. of 7-inch shells will be stowed near 
the guns. 

Hoists 1 and 2 for 3-inch only. Hoists 5, 6, 19, 20, 23 and 
24 will be assisted by hoists 11, 12, 15 and 16, the ammuni- 
tion being whipped or passed from main to upper deck. 
Hoists 25 and 26 to hoist 3-inch ammunition only. 
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CAPACITY OF DOUBLE-BOTTOM COMPARTMENTS BELOW WATERTIGHT 














LONGITUDINALS. 
Tons Tons ja Tons Tons 
Compt. | Gals. BW. | S.W. Compt. Gals. EW. S.W. 
A-94 12,970 48.2 49.54 B-89 6,248 23.2 23.88 
A-95 16,912 62.8 64.60 | B-go 5,359 19.9 20.45 
A-96 18,139 | 67.4 69.28 | B-gI 5,359 19.9 20.45 
A-97 14,677 | 54.5 56.05 B-92 4,471 16.6 17.05 
A-98 18,041 67.0 68.88  B-93 4,471 16.6 17.05 
A-99 24,234 g0.0 92.54  C-95 23,991 89.1 91.68 
B-80 19,441 | 72.2 74.28  C-96 19,926 74.0 76.08 
B-81 16,614 | 61.7 63.48 | C-97 19,899 73-9 75-97 
B-82 23,588 | 87.6 g0.08 | C-98 19,360 71.9 73-97 
B-83 | 20,384 | 75.7 77-85 | C-99 18,714 69.5 71.51 
B-84 17,071" | 63.4 65.20 | D-96 18,256 67.8 69.74 
B-85 24,018 | 89.2 91.74 | D-97 17,017 63.2 65.00 H 
B-86 | 20,681 | 76.8 78.97 | D-98 17,502 65.0 66.82 t 
B-87 17,234 | 64.0 65.82 | D-99 17,754 66.3 68.27 f 
B-88 6,248 | 23.2 23.88 . ; 
Total.| 468,579 | 1,740.6 | 1,790.11 ? 
RESERVE-FEED TANKS. i 
B-94 5,804 | 21.55 22.20 B-97 4,982 18.50 19.06 ; 
B-95 5,804 21.55 22.20 B-98 4,151 15.42 15.88 i! 
B-96 4,982 18.50 19.06 || B-g9 4,151 15.42 | 15.88 # 
Total. 29,874 110.94 114.28 : 
CAPACITIES OF TRIMMING TANKS, ; 
A-I 4,997 18.22 18.74 || D-1o 14,848 55-13 56.71 
A-2 7,764 | 28.83 | 29.65 || D-11 10,352 38.44] 39.54 
CAPACITIES OF FRESH-WATER TANKS. 
Tank Gals. Tons. Tank Gals. Toms 
22-23 inboard, 1 P.1S...1,517 5.66 98-99 C.L. of ship....... 1,868 6.97 
21-22 middle, 1 P. 1S... 937 3.50 37-30 GIAVIRG. «00s sscccses 800 2.98 
21-22 outboard, 1P.1S.. 844 3.15 39-40 Zravity.......s.00 800 2.98 
22-23 outboard,1 P.1S..1,754 6.54 || 0 4 2 eee em 
98-99 1 P. 1 S.....000....----2,040 7.61 IEE bikchavaesstaccekcicacres 10,560 39.39 
COFFERDAMS. 
Cubic feet. || Cubic feet Cubic feet. 
Bn IOR. «.6x0<cvscnne co ae, >. eens 352 PEI vignvenucina 404 
BE 88 eccccesincand 188 BRORR oidcimcescss 318 PGON i cccncate ss 874 
BREE cnsviceteneste 188 BB OR so cccussvess > 390 
BEER crevsbesccax 289 a a RE 342 || 
eT eee 289 COR So occseeseteve 342 | IN BUNKERS. 
pS ee 390 Ee 288 | 
BPETF scctsccisives: 390  isnteccnicece 288 || B-104............-. 316 
P<) SS 389 Be eE OR ovccessheestn 296 || B-105.......0e008 316 
Re 389 ae 296 || B-106.... 341 
BR vc initiative 383 EPEES vs ccacsnccats 375 || Be107......000 341 
eae. 383 aa 375 || B-108....04.... 370 
PORES oc ssisasteoes 370 BOERS ciccede deseo 394 || B-109........4.4.. 370 
Be BDG- cconsesrecses 370 DoE IG sccedes cceces 394 2 See 370 
PRED coccvccessisen 302 BEN snchctdeseess 635 Pe cteachibevesy 370 
RAND icici sete 302 BEE vase civieck 635 BERD icseccisione 398 
MEDI shctscntaixen ae 2. ee 404 BSE Bivpcittenceas 398 
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There are 314 watertight compartments, of which 217 are 
below the protective deck, and 97 above the protective deck. 
They are distributed as follows, viz : 

On berth deck, 28 compartments; on protective deck, 69 
compartments; on upper platform deck, 50 compartments ; 
on lower platform deck, 31 compartments; in hold, 67 com- 
partments ; in inner bottom, 69 compartments. 

Compartments Ag2 to Agg9, B66 to Bgg, C89 to Cg9, Dgo 
to Dgg, all inclusive, are double-bottom compartments, of 
which the following are wing compartments under coal 
bunkers and outboard sides of boiler rooms, viz: A86 to Ag3, 
B66 to B79, B88 to Bg3, C89 to C94, Dgo to Dg5, all inclu- 
sive ; they form the upper double bottom, between the armor 
and the sixth longitudinal, which is watertight. The re- 
maining double-bottom compartments are central compart- 
ments, extending from the sixth (watertight) longitudinal on 
one side to the sixth longitudinal on the other side of the keel 
and non-watertight through the central line. 

Double-bottom compartments Bg4 to Bgg, inclusive, are 
fitted for reserve-feed tanks, and compartments B88 to Bg3, 
inclusive, A1, A2, Dio and Dr1 are trimming tanks. Cg5, 
and C96 are under the engine rooms. The tables on preceding 
page give the capacities and the uses of various compartments 
fitted for special purposes. 


GENERAL NOTES. 


Coaling Arrangements.—The coal capacity is 2,415.1 tons, 
of which 718 tons are carried above the protective deck and 
364 tons in the transverse bunkers at the ends of the boiler 
space. This is handled by means of tripod coaling booms ; 
eight of these coaling booms are located on the main deck, 
four forward and four aft, and are arranged to lower coal bags 
through combination skylight and coaling hatches and com- 
panion and coaling hatches. Four coaling booms are located 
on upper deck, and are arranged to lower through combina- 
tion skylight and coaling hatches and trunks. The coal is 
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handled on the gun deck, where it is distributed to 24-inch 
scuttles and trunks leading to the various bunkers. The 
whips are operated by electric winches, two forward and two 
aft on main deck, and two on upper deck. 


CAPACITIES OF COAL BUNKERS. 


LOWER BUNKERS. 





Cu. ft. Tons. Cu. ft. Toms. 
B-7 4,967 115.5 B-20 3,448 80.2 
B-8 5,619 130.7 B-21 3,317 97.2 
B-9 2,335 54-3 B-22 3317 77.2 
B-Io 2,335 54-3 C-5 2,152 50.2 
B-11 2,290 53-3 C-6 2,935 68.2 
B-12 2,290 53-3 C-7 2,244 52.2 
B-13 3,102 72.2 C-8 2,244 52.2 
B-14 3,102 72.2 C-9 2,529 58.8 
B-15 3,437 79-9 C-10 2,529 58.8 ; 
B-16 3,437 79-9 C-11 2,300 53-5 
B-17 3,455 80.4 C-12 2,175 50.6 
B-18 3,455 80.4 _— 
B-19 3,448 80.2 Below protective deck, 1,685.7 


ABOVE PROTECTIVE DECK. 


B-118 2,692 62.6 | B-126 3,288 76.5 
B-119 2,692 62.6 B-127 3,288 76.5 
B-120 3,024 70.3 B-128 3,356 78.0 
B-121 3,024 70.3 B-129 3,356 78.0 
B-122 3,324 77-3 ——— 
B-123 35324 77-3 729.4 


Total, all bunkers, 2,415.1 tons. 


VENTILATION. 


The ventilation of the ship is on the plenum, or supply 
system, except in the special cases of sick bays, waterclosets, 
dynamo rooms and steering-engine rooms. The ventilation 
blowers are electrically driven and the general arrangement is 
in accordance with recent Navy practice. To avoid as far as 
possible the piercing of watertight bulkheads, the ventilating 
system is subdivided intoa number of small systems. Forced 
ventilation is provided for all quarters, living spaces, passages, 
storerooms and magazines below the gun deck, also for all 
spaces over boilers and around magazines, and for all wash- 
rooms, closets and similar enclosures above the gun deck. 
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FIRE PLUGS. 


There are sixty-one fire-plugs in the ship, distributed as 
follows, viz: 


EE aiacinsbcknscodscavebopensbbectccsmeanie 5 BN IR scnnstcokinds vasensiiaaascces 12 
EEE SIOIAE UE oc, cn cesciiniomerincnsse- 4 I I iritsncespidetccdsaneteesiiates 6 
Upper platform...........-csceeeeseeeees 4 UR, POC WRIG. sonics cccccosiscsseivece I 
OSES GOCE, osc gorececssacosvess sesesoseeE@ GNIS Bick Geticexcsncnctssnsssccssccauies I 
Gun deck...... ii cilcledighapedemilccamsatias 16 61 


MASTS AND SPARS, 


There are two military masts. ‘The fore mast is at frame 
36, the main mast at frame 76. Each mast has an upper and 
a lower military top and a signal yard. The main mast has 
a lower searchlight platform, below the lower top. On the 
fore ast, just above the signal yard, is a lookout platform, 
fitted with guard rails and in communication with the bridge. 
The main mast is fitted with a small monkey gaff, and the 
wireless telegraph connections will be fitted on this mast. 


Heights : 
Above designed L.W.L., 24 feet 6 inches forward and aft. 
24 feet 6 inches W.L,. is 24 feet 48 inches above base line. 
Masts, fore and main: 


Truck light, top of, feet and inches.................cccesossescccsoces seveee 131-09} 
Ranging platform floor, top of (forward only), feet and inches... 114-02}3 

Searchlight platform, feet and inches................2:scssecseseseeecesees 75-07% 
Lower searchlight platform (aft only), feet and inches.............. 42-07£ 
Upper top, floor (forward only), feet and inches................0.se000 64-07% 
Lower topes, floor, feet atid i Che0,...0255i565 .ccccsecccccccescscscceccesces 54-07£ 
Bridge at 38 center line (forward), feet and inches................-.++ 34-094 
Flying bridge at 38 center line, feet and inches..............seeeseeee 44-074 
Ue, CONE ING TR IOR cance sdiinc scneics sadete<tnceecetsee 43-094 
After bridge at 74 center line, feet and inches...............00seseeeees 34-068 
I ME I I a cccice ciceinsececacaceyrcopibennedasies 33-084 

Top of waist plate at stem, feet and inches..................cseseseeeeeees 24-00 
beading at stern, feet and inches............... 20-094 

main deck planking at stem, feet and inches.......... 20-10 
stern, feet and inches......... 20-044 

flat armor deck, feet and inches. ..........00...sssseesesees 3-00 


POWER WATERTIGHT DOORS. 


There are forty-two doors and five armored hatches, which 
are operated by electrical power. They are of the long-arm 
system, similar to those installed on previous ships. They 
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are so designed as to be operated on the spot by power or hand 
gear from either side of the bulkhead or deck. They can also 
be operated simultaneously by power from the emergency- 
control station located on forward bridge. Electrically-op- 
erated solenoid whistles are provided as a warning when doors 
are to be so closed. During any period of emergency opera- 
tion any individual door or hatch can be operated by power 
or hand, and after such operation during the period of emer- 
gency operation the closing repeats itself automatically. 


DRAINAGE AND FLOODING SYSTEMS. 


The main drain, 15} inches inside diameter, is fitted on 
starboard side between the inner bottom and boiler and en- 
gine-room floors and has a suction in each engine and boiler 
room above inner bottom; the valve for each suction is op- 
erated from compartment which it drains and also in deck 
plates on berth deck. The main drain is connected directly 
with the main circulating pumps, and has an auxiliary con- 
nection to the construction and repair drainage manifold near 
each fire and bilge and auxiliary feed pump. These drainage 
manifolds are connected to steam engineering pump manifolds. 

The secondary drain, 5$ inches diameter, is run on port 
side throughout length of machinery spaces and is connected 
to each construction and repair drainage manifold above men- 
tioned. Branches are led from the secondary drain to bilge 
wells located in after ends of boiler and engine compartments, 
those on port side leading directly into drain, and those on 
starboard side leading through the manifold suctions to bilges 
forward and abaft machinery spaces, to shaft alleys and 
double-bottom compartments, are led to the drainage mani- 
folds. All valves on secondary drain are operated 30 inches 
above floor plates. 

Double-bottom compartments under machinery spaces, ex- 
cept those used for reserve-feed water, are provided with 
means both for drainage and flooding ; outside these spaces 
with means for drainage only, except for those outboard of 
76 
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sixth longitudinal, where piping is to be fitted for either drain- 
age or flooding. In general, compartments not provided with 
other means of drainage will be drained by means of hose led 
through doors or hatches. 

The fire mains are of 6-inch copper pipe, sabined and run 
continuously through machinery spaces on each side of ship, 
directly under protective-deck beams. The port and star- 
board systems are cross connected at ends of machinery spaces, 
forming a circuit to which all fire and bilge pumps are con- 
nected direct. Risers from main are fitted to supply neces- 
sary plugs in each compartment above. Forward and aft of 
machinery spaces, throughout magazine spaces, a single main 
is led from the cross connection to supply risers and plugs in 
those localities. The fire main is also connected to the mag- 
azine-flooding system on upper platform. It has also by-pass 
connections to the flushing system, the full diameter of the 
latter. 

The flushing system is 4-inch copper pipe, sabined and in- 
stalled under gun-deck beams. This supplies salt water to 
all spaces throughout ship where required. On upper plat- 
form, forward, two separate motor-driven centrifugal pumps 
are provided for flushing and providing salt water for show- 
ers, washrooms, heads, etc. 

The fresh-water service throughout the ship is provided by 
means of a gravity tank located on upper deck and of 1,600 
gallons capacity. Two electrically-operated, reciprocating, 
fresh-water pumps are provided, one aft and one forward, for 
general service of all tanks. 


BOATS. 


The table on opposite page gives the number and sizes of 
the boats, with location of each and weight carried by each. 


ANCHOR WINDLASS. 
There is one Hyde Windlass Co.’s steam windlass with four 


wildcats, capable of hoisting two 17,600-pound anchors at 
the same time. It is of the worm-gear type, operated by a 
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vertical shaft, which is connected to the engine on gun deck 
by bevel gears. The engine is designed to work at 150 
pounds steam pressure. 


Water 

















Men. | and | | | 
[provisions.| |Weight of each Location 
| boat, stores | on . 
: co d : | 
4 | 4 | and men, | bridge deck. ; 
| 3 | . 
a | & | & 
“a — |—____—_— —_—__—_— i asian 
| | Lébs. | | 
1 50-ft, steam cutter.. ++ | 600 | 19,680 Starboard aft..| 52-63 
(40-ft. steam cutter tem; porarilyfitted. j| | | 
2 36-ft. steam cutters... 530|1,060 | 16,961 each. | P. and S. aft...} 53-62 
1 36-ft. launch.........+0- | 780 | 9,9534 | Port ewe | 53-52 
| 1 starb. aft.....| 54-6 
3 33-ft. launches....coresesserecrrecerseereesee! | 640 |1,920 | 8,470% each {2 POE after a a 
5 3O-fR. CUtters®....ccecscscorcecersecsercesssecee] 45 [225 | 450 [> ,250 5,624} each | {3 one Fe ae 
1 30 ft. barge (davits, main deck). Coes | 37 «+ | 370 | 5,200 Starboard aft..| 96-103 
2 30-ft. whale boats (davits,main deck) 29 | 56 | 280 560 4,802} each | {; ree gy pan | 76-84 
*! 
1 30-ft. whale boat (gig, main deck).....| .. | 20 | .. | 200 4,471 Port aft......... | 96-103 
2 20-f%, dinghies .ccccccccscccccemccccsocosoosess | 12 | 24 120) 240 | 2 ,079% each | {3 an 65-71 
eo 8 | Rens Ce a ee 1,324% Port aft......... 65-71 
1 14-ft. dinghy... 4 |---| 40 ° I 0298 | Starboard aft.. | 67- 7 





* The sea position for two of these cutters is on davits, main deck, between frames 304 ‘and 38. 


ELECTRIC PLANT. 


There are eight 100-kilowatt generating sets of 125 volts 
pressure at the terminals. The generators were supplied by 
the General Electric Co., and are of the direct-current com- 
pound-wound, multipolar type. The wiring is on the two- 
wire system. These eight machines are placed in two dy- 
namo rooms, four in each room. ‘The dynamo rooms are 
situated under the protective deck, one just forward of the 
boiler compartments, the other just abaft the boiler compart- 
ments, on the upper platform. Steam is supplied to the gen- 
erators directly from the auxiliary steam pipe; two dynamo 
condensers, one in a pocket just under each dynamo room, are 
provided for taking the exhaust steam of only the dynamos; 
these condensers are so connected that the dynamo exhaust, 
forward or aft, may be led into either dynamo condenser or in- 
to either auxiliary condenser in the engine room. 

Dynamo Engines.—The engines are of the vertical, cross- 
compound, General Electric Co.’s type; all the working parts 
are enclosed and lubricated under pressure, the introduction 
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of oil into the cylinders is guarded against by fitting a top 
plate on the enclosing covering, with an oil wiper around 
valve stems and stuffing box around piston rod, in which are 
soft-packed stuffing boxes for the rods and valve stems to 
work through. 


Dynamo engines, 100-kilowatt, number Of............002..csceceneeeeeeees 8 

RRS GE CTI, TE... TOG, «en sin cise cee -cocccessesicncenesoeee 10 

ed MG anton cous. Kcvatceccsachavuedbnctinesioe 18 

I Re. sick cat isbsadis adiguadaciserdabicaein stistbenscskbetielia fe) 
Pihameaber OF sisters Dae, TF. c MOR. cecsccccnns osc cceccwscesessecscncesen 2.25 
Rg SUNN cetnktssussnsrenbegaoctantelsciiebentdd 2.25 

Revolutions per minute, full load... ......... .......ssseccecsecseoes coves eee 350 


Motors.—All the auxiliary machinery outside the engine 
and firerooms, except the ice machine, the anchor engine, the 
forced-draft blowers and the steering engine and evaporator 
pumps, is driven by electric motors. The following is a list 
of the motors installed, viz: 


No. AP. Winding. Use. 
42 I Comp. For operating power watertight doors. 
5 I Comp. For operating power watertight hatches. 
2 50 Series Hoisting motors for boat cranes. 
2 30 Series Rotating motors for boat cranes. 
6 30 Comp. For deck winches. 
26 3 Shunt For endless-chain ammunition hoists. 
4 3.5 Shunt For ammunition whips. 
4 4 Shunt For endless-chain ammunition conveyors. 
4 25 Shunt For turning 12-inch turrets. 
8 15 Shunt For turning 8-inch turrets. 
32 WOR. 2? askeanvas For ventilating fans. 
I 6 Shunt For operating steam-laundry machinery. 
2 2 Shunt For operating fresh-water pumps. 
2 5 Shunt For operating flushing pumps for head. 
2 1.5 Shunt For drainage pump for firemen’s washrooms. 


In addition to the above there are the following : 
8 portable ventilating sets of } H.P. each. 
58 desk-and-bracket fans of ;/; H.P. each. 
8 bracket fans of 4 H.P. each. 
Motor Generators.—Turret-Control System.—The turrets 
are controlled on the Ward-Leonard system. ‘The current for 
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driving the turret-training motors and the gun-elevating mo- 
tors, both 12-inch and 8-inch, is furnished by motor gener- 
ators in each turret, which in turn are driven by current 
from the main generators. With this arrangement one main 
generator may be used to furnish current for both turret power 
and. lighting at the same time, without having the flickering 
of lights due to variation in the load when working the turrets. 

For each 12-inch turret there is provided a 25-kilowatt 
motor generator for training horizontal train turning, and for 
each 12-inch gun, an 8-kilowatt motor generator for elevating. 
For each 8-inch turret there is provided a 15-kilowatt motor 
generator for training horizontal train turning, and for each 
8-inch gun a 3}-kilowatt for elevating. 

Speed regulation is obtained by varying the field of the 
generator and motor generator up to a certain limit, and be- 
yond that by varying the field of the training or elevating 
motor. 

Lighting Output.—The output for lighting supplies 1,100 
16-candlepower incandescent lamps; an additional 100 lamps 
will probably be provided; also ten 3-ampére arc lights; 
two 60-inch searchlights (of about 42,000 candlepower each) 
and four 30-inch searchlights (of about 20,000 candlepower 
each); two night-signaling sets, two truck lights; two diving 
lanterns, with eight 150-candlepower lamps. 

System of Distribution.—The wiring is on the two-wire 
feeder system. In each dynamo room there is a generator 
switchboard to which the four machines may be connected. 
On the opposite side of the dynamo room, in a separate 
watertight compartment, there is a distribution board. The 
forward distribution board feeds all circuits leading to outlets 
forward of the amidship section of the ship; the after distri- 
bution board feeds all circuits leading to outlets abaft the 
amidship section. 

Either distribution board may be connected with either 
generator switchboard ; thus, any generator may be connected 
with any circuit, lighting, power or turret. 

The following circuits are provided with feeders from each 
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distribution board and with double-pole throw-over switches, 
allowing the use of either feeder; this duplicates the feeders 
to these circuits, viz: 

All lighting circuits in firerooms. 

All lighting circuits in engine rooms. 

Each circuit feeding motor generator. 

Each circuit feeding turret-ammunition hoist and training 
motors and miscellaneous turret power. 

Turret—Hoist Indicators.—A 16-candlepower incandes- 
cent-light signal is provided for signaling from the handling 
room when the ammunition-lift car is loaded and ready for 
hoisting. 

A 16-candlepower incandescent-light signal, automatic in 
operation, is provided for indicating when the car of the 
turret-ammunition lift arrives within 42 inches of the extreme 
lower position. These lamps are, one green and one red. 

Interior Communication.—A complete central-station sys- 
tem of telephones is installed. There are thirty-five tele- 
phones altogether, including two in central station. There 
are 139 leads of voice tube. 

The telephones are a special type of loud-speaking instru- 
ment, made by the Cory Company. With these instruments 
three wires are required for each instrument instead of six 
wires, as required by the Bell system. Those instruments 
located in stations where they will be subject to exposure, 
moisture or rough usage, or where there is a great amount of 
noise, are of watertight type. There are two ear pieces which 
encircle the ear and exclude external sounds. The instru- 
ments are said to work very satisfactorily, even in exposed 
places in a high wind. 

Warning Signals for Watertight Doors.—A system of 
whistles, operated by solenoids, is installed to give warning 
of the closing of the power watertight doors. The system 
for closing watertight doors and hatches is known as the 
“‘ Long-arm Door System,” the doors being operated by electric 
motors, 

Additional Interior Communication.—The usual installa- 






































U. S. S. MINNESOTA. 1165 


tion of call bells, fire alarm system, general alarm gongs, boat 
hour gongs, shaft indicators, steering telegraphs and indica- 
tors, engine-revolution telegraphs and indicators, helm indica- 
tors, electric gong, battery-control and torpedo-firing appa- 
ratus. 

PROPELLING MACHINERY. 

The propelling engines are right and left hand, placed in 
watertight compartments abreast each other, separated by 
middle-line bulkhead. There are two 4-cylinder triple-ex- 
pansion engines, vertical, inverted cylinders, direct action, 
each with high-pressure cylinder 32} inches, intermediate- 
pressure cylinder 53 inches and two low-pressure cylinders 61 
inches, the stroke of all being 48 inches. The engines are of 
Bureau of Steam Engineering design. They are designed to 
develop 16,500 horsepower when making about 120 revolu- 
tions for a speed of 18 knots per hour, the maximum piston 
speed in no case to exceed 1,000 feet per minute, and no live 
steam to be used in the receiver in any full-power trial. They 
are arranged for outboard-turning propellers when goiug 
ahead. 

The order of the cylinders, beginning forward, is: forward 
low pressure, high pressure, intermediate pressure and after 
low pressure. The forward low and high-pressure cranks are 
opposite, and also the intermediate and after low-pressure 
cranks, the second pair being at right angles with the first, 
the sequence of cranks thus being: high pressure, interme- 
diate pressure, forward low pressure and after low pressure. 
The cylinder castings are of cast-iron with cast-iron liners in 
the barrels. The cylinder liners make steam-tight joints with 
the castings both at the top and the bottom, and the space be- 
tween the liners and casing forms the steam jacket for the 
cylinder barrel. All cylinder covers except the H.P.’s are 
also jacketed. 

The engine framings are of forged-steel cylindrical columns; 
twelve in all, supporting the cylinder crosshead guides, etc. 
They are flanged top and bottom and secured to the cylinders 
and bed plates, and have enlarged facings for the athwartship 
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and longitudinal tie-rod braces. The columns are tied fore 
and aft horizontally by heavy.east-steel eye braces of forged 
steel and by diagonal rods, and are also strengthened atliwart- 
ship by forged steel X-frames from top to bottom of columns. 
The bed plates are of cast steel supported on the keelson 
plates worked in the hull. The forward L.P. and H.P. en- 
gines are secured together by flanges on the sides, as arealso the 
after L.P. and M.P. cylinders. The forward and after pair of 
cylinders have removable chocks fitted to lugs on H.P. cylin- 
der casing to prevent side motion while allowing expansion 
in a vertical and fore-and-aft direction. The pairs of cylin- 
ders of one engine are secured across to those of the other en- 
gines by tie rods through the middle-line bulkhead and also 
by tie rods through the forward and after engine-room bulk- 
heads. 

The engine bed plates are all cast steel and are made in 
three sections for each engine, bolted together at flanges. 
Each section carries two main bearings. The bed plates are 
secured to the keelson plates worked in the hull. The H.P. 
cylinder has one piston valve. Each of the other cylinders 
has two, all equal in diameter. The L.P. and M.P. valves 
differ only in length. The main valves are all of single-port- 
ed piston type, built up with top and bottom cast-steel heads 
and .a steel-tube distance piece between the heads. Each 
head is fitted with a cast-iron packing piece and cast-steel fol- 
lower. A balance piston fitted at the top of each steam valve 
and working in a small cylinder in top of valve-chest cover is 
provided to relieve a part of weight of valve gear. The valve 
gear is of the Stephenson type with double-bar links, fitted 
with adjustable cut-off blocks by which cut-off may be adjust- 
ed between the limits of .5 and .76 stroke. The valve gears 
of each engine are handled by a vertical steam-reversing en- 
gine with oil-controlling cylinder secured to the H.P. cylinder 
case. A reversing shaft is carried in bearing brackets secured 
to the front of the engine columns, and provided with an arm 
for each link, fitted with adjustable cut-off block and two arms 
for reversing-engine connecting rods. Reversing engine is 
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controlled by a lever at the working platform. An 11-inch 
balanced throttle valve is provided for each engine and oper- 
ated by a hand wheel at the working platform. 


DATA FOR CYLINDERS. 


I RES Rn, Moai dis 5 ov'a0n'0d0bas scbdnsdccdbnaXebesebeshecsctstvesbons 324 
Sg: GR, Ca vin iss sien si bie cabinet bea ebateetetents 53 
SF Fe NE, Tis ino ccicsientebitiobradabiovania temieni edn veleuiovs 61 
GEPOUES: OE. GE INI, Bic ccecacsnocmnecnnssecesavocnsrnses escocereters 48 
Volume swept by H.P. piston per stroke, cubic feet.................. 22,470 
I,P. piston per stroke, cubic feet..................00 60,709 

L.P. piston per stroke, cubic feet................0... 80,604 

ARIS: OF Om EP. We: BE, Di bcsceccccsrespactarnctietsrtnivstgvenaasens 2.659 to I 
BE WE Tio eat ccecnasecateccencbucsaacactvearnstente 7.046 to I 

Cylinder walls, thickness, H.P., I.P. and L.P., inches............. It, x3, 1s 
liners, thickness, H.P., I.P. and L.P., inches............... 14, 14°53, 14 
Valve-chest liners, thickness, H.P., I.P. and L.P., inches........... 14, 14, 13 
FOCTEE CIEE, TRG san cr ecisccsivncnsencesnesanes padded ves ccusebmnbadaedeettatentbetica os 


Pistons are of conical form. H.P. piston is of cast iron, 
comparatively heavy for balancing; the I.P. and L.P. pistons 
are of cast steel. The piston rings are of cast iron. The 
H.P. and M.P. have each one ring with two packing grooves ; 
where the ring is cut there is on the inside of each end of the 
ring a square shoulder # inch by 1 inch wide, over which is 
fitted a mortised-steel tie piece uniting the ends, thereby mak- 
ing the ring practically solid, but yet adjustable for wear. 
The L.P. have two rings, each in six sections, jointed as above. 

All pistons are fitted with forged-steel followers, secured to 
the pistons by studs having square shoulders to prevent turn- 
ing when they wear. They are ground true and burnished ; 
each end is tapered, one for the reception of the piston and 
the other for the crosshead. 

A thread is cut on the upper end of each piston for about 
an inch and a-half to receive a nut for use in handling the 
piston. 

Piston rods are of annealed steel and tapered at each end to 
fit the piston or crossheads. 

Crossheads.—Crossheads are of class “‘A” nickel-steel forg- 
ings, and carry a cast-steel slipper lined with white metal on 
the sliding face. The crosshead pins have tapered axial 
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holes, the surface of the pins being flattened on each side, 
thereby reducing the bearing at the sides of the brasses and 
leaving a space for lubricant. 

Crossshead Slippers.—The slippers are of cast steel; are 
secured to the crosshead by six 14-inch tap bolts, and are 
lined with white metal. 

Crosshead Gutdes.—The ahead guides are of cast-iron, 
bolted at top and bottom to the strongbacks of the engine 
columns, and stiffened by webs on the back. The backing 
guides are of cast steel bolted to the ahead guides, with liners 
between to permit adjustment to wear. 


PROPELLERS. 


There are two three-blade propellers; both are outward- 
turning for ahead motion. 

The blades and the hub are of manganese-bronze. The 
hub is fitted on the tapered end of the shaft and held in place 
by longitudinal keys anda nut. The blades fit in recesses on 
the hub; the bolt holes are elongated to permit adjusting the 
pitch of the blades. 

The design of the propellers for the M/xnesota is identical 
with that for the Louzszana. 

The blades, after casting, were ground and burnished, and 
the propellers swung between centers on a mandrel, and ac- 
curately balanced by removing metal from the heavier blades. 


SHAFTING AND SHAFT BEARINGS. 


Connecting rods are of the same material as the piston rods, 
and have axial holes, and forked at the upper end to carry the 
crosshead brasses, and the lower end is faced to receive the 
crank-pin brasses. The brasses are secured by a forged-steel 
cap and bolts. 

The eccentrics are in two parts; are bolted together and 
keyed to raised seatings on the crank shaft. The ahead ec- 
centrics being arranged for slight adjustment by means of a 
slot of greater width than the key, which permits their being 
shifted radially. 
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The eccentric straps are of composition lined with white 
metal. They are in halves, fitted with distance pieces and 
bolted together. 

The shafting is of class “‘ A” forgings in six sections, viz: 
two sections of crank shaft, thrust, line, stern-tube and pro- 
peller shafts. The stern-tube section is coupled to the line 
shaft so as to permit withdrawal from stern tube. All shaft- 
ing is hollow. The stern-tube shafts, which cannot be readily 
examined, are protected against the action of sea water by 
brass casing, shrunk on. Both the stern-tube and propeller 
shafts are fitted with heavy brass journals at the stern-tube 
and strut bearings. 

All shaft couplings are of standard flange type, forged to 
the shafts, except the forward coupling of the stern-tube shaft 
and the outboard coupling connecting the stern-tube and pro- 
peller shafts. The former consists of a forged-steel collar 
secured to a raised seating on the shaft by keys, while the 
outboard coupling consists of a forged-steel sleeve, taper bored 
from each end to the center, for receiving the tapered shaft 
end. The sleeve is secured to the shaft end by four keys and 
two collars. The sleeve couplings are covered by a water- 
tight cast-composition casing, the space between the casing 
and coupling being filled with tallow and rosin. 

There are six main bearings for each crank shaft, two steady 
bearings for each thrust shaft, two spring bearings for each 
line shaft, two stern-tube bearings for each stern-tube shaft 
and one strut bearing for each propeller shaft. ° 

There is one thrust bearing for main engine, of the ordinary 
horseshoe type, consisting of cast-iron pedestal bolted to cast- 
iron plate which is riveted to the foundation built in the hull 
structure. The lower part of the pedestal forms an oil trough 
in which the lower part of the thrust collars turn, the trough 
being fitted with a water-circulating coil for cooling the oil. 

There are thirteen horseshoes of cast steel, made hollow 
' for the circulation of cooling water, and lined with white 
metal on the bearing surface. Each horseshoe being inde- 
pendently adjusted fore-and-aft by clamp nuts on screwed 
steel side. 
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The turning gear for each engine consists of a two-cylinder 
engine driving a worm gearing that meshes in the worm 
wheel keyed to the after crank-shaft coupling. There is in 
addition a ratchet attachment for turning by hand. 


MAIN CONDENSERS. 


There is one main condenser, located on the outboard side 
of each engine room ; they are of horizontal, cylindrical, sur- 
face-condensing type. The shell is made of boiler plate ; 
composition heads, and tube sheets of Muntz metal, the 
tubes and ferrules of Admiralty metal and are not tinned. 
The forward head of each condenser is fitted with a butterfly 
valve, so that the circulating water can be diverted overboard 
without going through the condenser tubes. Zinc plates are 
placed on the inside of each manhole plate. The shell is lag- 
ged with cowhair felt and covered with galvanized sheet steel. 


Bibmamaar OF OEE. Feet Wi TR TIIG 0 asin ccsincncenescccccéecchecncoccececeuuccosese 6-07 

I cilia sicke, onmasbibassdanresasiaaitenate scuesatroneanbed oo? 
Ree Te Wee Ne I conc cerectiescnos ccvedoectentivoscssscedesesscesdese 15-044 
CN, WI SII acid Shi co od Scesscciceiicatancied <cdcbcttdeiescsccaie 008 
TE ari Sivpcamancilillbns dibialecddeelunnin Vewwbiioethd oimtadbetins No. 16 B. W. G. 
Length between the tube sheets, feet.............cc0sccoccsrecsoncesaressorccssose 13 
I, CI, IR I ie dhgicg-ccescccsscisccscavscasoucesvdcbedsivecsoncontces 4,878 
Conlitig GUsimed, CRON; GUNES TAGE 5 055s dsccindecccceveseccesctaseseecesesssccness 10,375 

PUMPS. 


Main Air Pumps.—A main air pump is provided for each 
main condenser. They are of the Blake, twin-cylinder, ver- 
tical-beam, single-acting type. 


Diameter of steam cylinders (two), imches.............cccccccoscscocscesssccssees I2 
pump cylinders (two), imches.....-.....sseeceeceeceeeeseeneneeeere anes 30 
CS Gack So Sanna det Sactd Mage rdc tes ts eecedeveceeksiatkidicseh sheabsccastatincsedes © OO 


Main Circulating Pumps.—One centrifugal, double-inlet, 
circulating pump, driven by a compound engine, is furnished 
for each main condenser. Each pump has a capacity of 12,000 
gallons of water per minute at about 265 revolutions. The 
pumps are arranged to draw from the sea, the main drain and 
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from the engine-room bilge, and discharge through the con- 
denser or directly overboard, through the by-pass in the inlet 
and outlet condenser head, to the overboard delivery. The 
suction valves of these pumps are so interlocked that the sea- 
valve and the bilge or drain valves cannot be opened at the 
same time. 


Diameter of eteams cylinders, TI.P., imclies.........:c.0sesseseesecesssinenonssesese II 
Bie 5g MDs 545050) sn 00kdd elseccdaniesceiecdenes 22 

Divoted; | TOS e, 305 ccitinckscRices PERG OY PRED FO omc LO baleen cates 10 
Diameter of pump runner, inches.................. Bey SRY ES a eee ed 45 
IS CI i bo os a sbsite ccaincbcsecss ccckedcooicsacsadapsccav ene 184 

CR IN COI eis voicing o vivscnsicreicecceavkinetasesbeasescnvenate 2t 


Feed Pumps.—There are four main feed pumps, of the 
Blake, simplex, vertical, double-acting, center-packed plung- 
ger type, two in each engine room. They are arranged to 
draw water from the feed and filter tanks, and discharge to 
the main feed line direct or through the feed-water heater, 
and then into the main feed line. 

Six auxiliary feed pumps, of the same type as the above, 
are located one in each fireroom. ‘They have suctions from 
the feed and filter tanks, the sea, the boiler blowpipes, and 
the drainage manifolds in their own compartment, and dis- 
charge into the auxiliary feed line, overboard and into the fire 
main. 


Main Aux. 
Feed Pumps. Feed Fumps. 


Diameter of steam cylinder, inches............ .....++ 13 II 
water cylinder, inches................+064 9¢ 8 
SE I gas on sa ccdsahns cette ecbada oe. sanknsbectbhagetabecess 12 12 


Hotwell Pumps.—In each engine room there is one Blake, 
simplex, vertical, double-acting, hotwell pump, having suc- 
tion connections from the bottom of the main condensers, the 
reserve-feed tanks in the double bottoms, and the filling pipes 
from the ship’s side. These pumps discharge into the feed 
and filter tanks and into the reserve-feed tanks. 


Diameter of steam Cylinder, inches............cc0cccos.cceessessvcccesecssseccceseosese 12 
Rr prs TNR ei oa oss cetiscncticsse eat daeadtedontedseste sas 14 
Seen; Stee iss arise hnvncaate open ncees ess cocttcssalladedsatid sac caabdcquaadianiinedsbe 12 
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Distiller Circulating Pump.—There is one distiller circu- 
lating pump in the starboard engine room, of the same size 
and type as the hotwell pump. This pump has a sea suction 
and discharges through the distillers overboard or into the 
flushing main. 

Fire and Bilge Pumps.—One fire and bilge pump of the 
Blake, simplex, vertical, double-acting type, is located in each 
engine room. These pumps draw water from the sea, the 
drainage system and from the bilges in their own compart- 
ment, and discharge into the fire main or overboard. 


Teeter GE URE CUTIE ON, TB oie ins i ivnic cc ccaseceicccaccaccccnesccanencoes: I2 
NET IIIT, TRO oss odes cee cscteesadeapsnssicsicers ondasosicnsbecs Io 
IS eins crac cae sieutaindiainhha Sapaanin’ peveuss mbcmuanewtebbanins I2 


Feed and Filter Tanks.—There is located in each engine 
room one combined feed and filter tank of 5,525 gallons ca- 
pacity. The filter box is built in the forward upper end of 
the tank. It consists of three separate compartments, each 
filled with the filtering material, through which the water 
from the main and auxiliary air pumps discharge passes suc- 
cessively before entering the feed tank. 

Feed-Water Heaters.—A vertical, cylindrical feed-water 
heater is located in each engine room on the discharge side of 
the main feed pumps. The heating agency is exhaust steam 
from the auxiliary exhaust line, which enters the shell at the 
top, circulates around the tubes and drains at the bottom to 
the main or auxiliary condensers. The feed water passes 
through the tubes, from bottom totop. A slight back pressure 
is kept in the auxiliary exhaust lines, for properly heating 
the feed water, by adjustable spring-relief valves at the con- 
nections to the condensers. 


Diameter of shell, inside, feet and inches.....................ce.cceeseeeseceees 2-054 

TG QUE Ge, PUNE I FI occ aces cosecccecccssccossctacasesechsesesiens 10-04 

a. UIE BE I IN aa dace dais cc Gina tcusicdessbecitadnsditeesends’ 683 
ooo cass daw knaabticuaanabnennsaiels oo8 
SRO DIR. BE TW ARs, GRO nti chiidten ddkecccesias ncnsiccsceeuss 0.065 
length between tube sheets, feet and inches....................s0 7-05 


Heating surface, each heater, square feet.................csccseeeeceeeeeseeeers 
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Auxiliary Condensers.—There are four auxiliary con- 
densers, one in each engine room, and one for each dynamo 
room. They are of the Wheeler surface-condensing type, 
with combined air and circulating pump, of the Blake hori- 
zontal, simplex type, attached to and under the condenser. 


Engine room. Dynamo room. 
Diameter of shell inside, feet and inches.............. 2-04 2-074 
Length over all, feet and inches..............0.+2:eeessee 7-09 8-112 
OE, SII GO seine vercecnecisacevisccuntiiiuectemubes 518 781 
diameter, outside,‘inch.. ein tinieeaniabidiaeds .00§ -00f 
thickness, No. 18 B.W. G., ‘int. a 0.049 0.049 
length between tube sheets, feet oni inchen.. 6-06 7-O7t 
Cooling surface, square feet, each............0+ counanaie 551 970 


Auxihary Atr and Circulating Pumps.— 


Engine room. Dynamo room. 


Diameter of steam cylinder, inches............... 0.006. 10 
air cylinder, iN Ches.....0000.2..0s0000002000. Io 14 
water cylinder, inches..............ssss000+ 10 16 
ERNE hina cin cceccnahepentctinidinsebicespinbibtanse 12 12 


Forced-Draft Blowers.—Twelve Sturtevant blowers, located 
two in each boiler compartment above the boilers, supply the 
forced draft. The blowers deliver directly into the firerooms, 
the closed fireroom system being used. ‘The engines are two- 
cylinder, upright and double. 
haces STIG, CININGUN, UN cs ins nds 5 cnciscdinecesiseneseabnsecevesebucseosanes 


Bere, SICIED oo nc occcdesien sven cisaseccessbecosanss abonnyesassiccsbsvecssabsovensbedes .cohevecshs, 
Waite; Ga SOR nasi cic saidenin escanksceek tnd hes eked Wades aaeeainaies 66 


ASH HOISTS. 


For the removal of ashes the ventilator in each fireroom is 
fitted with angle guide strips to facilitate the hoisting of the 
ash buckets through same, and thence by trolley to the chutes 
at the ship’s side. The hoisting is done by three Williamson 
Brothers 4} by 44-inch reversible ash-hoist engines, one lo- 
cated just below the upper-deck level immediately above each 
pair of athwartship firerooms. 


DISTILLING APPARATUS. 


The distilling apparatus is on the berth deck just forward 
of the engine hatches. It consists of three evaporators, of the 
horizontal straight-tube type, two vertical distillers, located in 
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a trunk above the evaporators, and the necessary accessories. 
The designed capacity of the plant was 16,500 gallons of water 
per twenty-four hours, which requirement was most success- 
fully met when tested. 


Evaporators. Distillers. 


Diameter of shell, internal, feet and inches............. 5-00 0-183 
Length over all, feet and inches................s...:ccceeees 6-094 6-11 
TRI RINNE UII so occiti 90006. ccciconesceoas NTE REE 96 187 
diameter, inside, inches...............000.ss00+ sesees 02 oof 
thickness, No. 12 and 16 B.W.G., inch......... 00.065 00,065 
length between tube sheets, feet and inches.. 5-054$ 5-95 
heating surface, square feet.................sseceees 275 165 
Capacity each, gallons per 24 hours....................006 5,500 8,250 


TEST OF DISTILLING APPARATUS, U. S. S. MINNESOTA, MAY 2, 1906. 








Gallons of water distilled during test................cssscesseccesssseeseeees 760 
SOG WOT SE ONTO fii in sth idendinsiwitiven 18,240 
Pounds of water per hour per square foot of heating surface........ 7.68 
a; surface........ 19.13 
Pressure i in = pounds. Temp., Gagrese Fahrenheit. 
ae Evaporator coils. Evap. shells. Kia Cire. | Fl 
3 —— ~ S| water.| § | 8 | 
ve vu 
i|t Sl | leterelel ale 
wae i 3; | 2 ae | S 
Vere. hh is/s/@lea| e/a 
<¢i/83/8/ §| 2 sisz/si2i 8! & 
e |e 8 ae a sit ifi2igiz| sie 
5 | a = 8 oS = = | Cg — ti a A | e4 3 
el/4/4)/ 8 |e |ol|a |e |e 2lala| F | = 
es Beak Gare Dey pce Ces Mes ER Wes Ale die Loew 7 beet care 
10°00 | 92 | 26 14.0} 18.0 | 9] 5.0 | 6.0 | 89 | 63 | 89 | 67 | 107 | 684 
Iolo | ... | 22, | 13.5 | 18.0) 9) 4.5 | 5.0} -.. L ooo | OF | 109 | om 
10°20| ... | 24 | 16.0| 205 | 9] 4.5 | 5-5 | «- 66 | 111 | 
10°30 | 84 | 23 | 15.0| 19.0} 9] 4.0] 5.0 | 89 | 63 | 89 | 70 | 112¢ | 
10°40] ... | 26| 19.0 | 23.0 | 12] §.5 | 80] ... | 66 | 113 
10°50 | ... | 26 | 20.0 | 24.0 | IT | 6.5 | 7.5 | wee | see | ove 66 | 113 | 
I1 00} 77 23 18.0 | 23.0 | II | 6.0 | 7.0 | 90 | 63 | go | 66 bee | 71. 5¢ 








REMARKS. — 
aNo lagging on vapor pipes and no forced ventilation used during test. 
Circulating pump, 31 double strokes per minute. Evaporator feed pump, 
16 double strokes per minute. 
cCirculating pump, 31 double strokes per minute. Evaporator feed pump, 
9 double strokes per minute. 
aCirculating pump, 29 double strokes per minute. Evaporator feed pump, 
16 double strokes per minute. 
The distilled water was excellent and showed no trace of salt when sub- 
jected to nitrate-of-silver tests. 


NOTES.— 
Designed capacity = 16,500 gallons per 24 hours. 

Equivalent per hour = 687.5 gallons. (About 11.5 gallons per minute). 
Plant consists of three evaporators and two distillers. 

Total H.S. = 825 square feet. 
Total C.S. = 330.98 square feet. 
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REFRIGERATING APPARATUS. 


This plant consists of two 2-ton horizontal Allen dense- 
air ice machines of the latest design and naval practice, sup- 
plying cold air to the cold-storage rooms, ice-making tank 
and the scuttlebutts. The official test of this plant showed 
highly satisfactory results. 

The Table shows the results of a test of a similar plant on 
the Lourszana. 


Pressures, in| | Temperatures, degrees } Fahrenheit. 
ponte. 


Refrigerator rooms. | Bites Scuttle- 


ox 
o 

+ 
a 


No. and location. 
pressor 
cylinder. | 
_cylinder, | _ 
officers. 
Captain. 


; | Compr 


| Steam. 
rant officers. 


Expander 
Junior and war- 
Admiral and 
Sea water. 

Port. 





| Revolutions per min. 
| Discharge water. 


Ice machine, 
| Atmosphere. 


| Ward-room 


| 
| 


| Starboard. 


| Crew. 


| Time. 
| 
| 


¥ 


| 


| Air lock. 
re) 


|75-0| 79.0 | 80.0 | 80.0 | 71 | ... | 78| 73.0 | 73.0 
| 8°00 133} 135 | 28 |118) 70.0 71.0 | 68.0 | 68.0 '71 | 79| 78| 73.0 73.0 | 73.0 
| 9'00|125) 260 | 68 118) 62.0) 64.5 | 67.5 63.5 | 74 | 80| 78| 72.0) 70.5 | 73.0 
10°00 |118) 260} 66 '118] 55.0 58.5 | 65.5 | 58.0 | 74| 81| 79/71.5| 68.0 | 72.0 
11°00 |128| 260} 66 |116] 49.5) 54.0 | | 62.0 | 53-5 | 77 | 82| 79 | 70.5| 64.0 | 70.0 
|£2"00/130 260 | 66 ae 49.0 | | 58.0 | 49.0 | 75 | 82 79 | 69.0} 60.0 | 68.0 


No. 187, aft. 


ey Be Pe | + . | 65.0) 69.0 | 68.0 | 67.0 | 78| ... | 79| 72.0] 74.5 | 76.0 
3°00 |138 260 70 120 54.0) | $7.0 63.0] | §7.0 | 80 81 79 | 70.0} 70.0 | 74.5 
| 4:00 |137 260} 70 118) 49. 0 53.0 | | 52.0| 79 81 | 79| 70.0] 67.0 | 72.0 
5'00|140| 260| 70 |t20] 44.5] 49.0 | 57.0 | 48.5 | 78| 82| 79 | 69.0| 60.5 | 69.5 
| 5°45/147 260 Lad 8 40.0) 45.0 | 53.0 | 45.0 | }78 82 |79 68.5) 56.5 | 67.0 


forward. 











No. 188, 














NoTEs.—Plant consists of two 2-ton ice machines and accessories, Each 
machine run independently on all circuits, beginning with atmospheric con- 
ditions throughout plant and continued until demonstrated that temperatures 
of refrigerating rooms and scuttlebutts were lowering uniformly and a full 
tank (135 pounds) of ice frozen. 

No. 187 started at 7°30 A. M., with ice tank 46 degrees Fahrenheit ; air 
cock opened at 8°55 A. M. At 9°30 A. M. return valve to crew’s room closed 
to two turns open. One tank (135 pounds) of ice at 12°00 M, 

No. 188 started at 1°18 P. M. with ice tank 41 degrees Fahrenheit. Air 
cock opened at 2°55 P. M. One tank (135 pounds) of ice at 5°45 P. M. 

Ice-machine room 92 to 104 degrees Fahrenheit. 


GENERAL WORKSHOP. 


Located on the berth deck, between the engine hatches, is 
the general workshop. All the tools have independent elec- 
tric driving motors. The following tools are installed: One 


77 














1176 U. S. S. MINNESOTA. 


36-inch and one 14-inch lathe; one milling machine; one 
shaper; one 224-inch drill press; one 12-inch sensitive drill ; 
one double-wheel emery grinder ; and bench vices. 

An air compressor is installed in the port engine room for 
running pneumatic tools. 


SCREW PROPELLERS, 


The two propellers are of manganese-bronze and turn out- 
board when going ahead. They have three blades, and are 
designed as true screws. The surfaces of the blades are 
ground smooth with an emery wheel and edges filed sharp. 
the hub and blades are cast separate, the latter being bolted 
to the hubs by seven tap bolts each. The bolt holes in the 
palm of the blades are elliptical to permit of adjusting the 
pitch. After the pitch has been set the blades are secured 
against turning by composition chock pieces fitted in the space 
between the bolts and the edges of the elliptical holes. 


Diameter of propeller, feet and inches.............0c.sssssssecessereceserens 17-03 
RG I I RII, oi Sac kde igclceabeses bapsivoceidecwabese 4-044 
ee i rns gcpctbivcacdnnashss, conned dbedtevedecnebihaamesbases 18-00 
NN IS scat ip snind tng dh pine snqcndepentosscedecthiied <odietiene 1.0435 
WORMED HCW, TECE... .... <n scccccovoccscnectecescessssoveccesoseccsicces TOE ID 
Helicoidal (developed) area, square feet.........s0....00:seceeeseeeeseeses 84.5 
PI CII, SUID FOE ois nis dnc cssnqtecccsiscesnecdosns apsesecedesesnosonse 71.5 
I, I ao alrnttres ctie ce cqvntnas eaisinntnniert caccibetsducainbisand 233-71 


There are twelve Babcock & Wilcox water-tube boilers of 
the latest design, arranged two each in six communicating 
watertight compartments, with athwartship fireroom between 
each two boilers. 

The boilers are identical with those installed in the Zowuzsz- 
ana and described by Lieutenant R. K. Crank, U. S. N., in 
Volume XVIII, No. 1, of February, 1906. 


OFFICIAL TRIALS. 


Standardization of Screws.—The vessel was tried by the 
standardized-screw method, progressive runs being made over 
the measured-mile course off Rockland, Maine, October 24, 


1906. 
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1180 U. S. S. MINNESOTA. 


The data recorded in Tables I and II were obtained, from 
which the curves shown on Plate I were plotted. 
The draught and corresponding displacement at the begin- 


ning and end of runs were as follows : 
Beginning. End. 
Draught, forward, feet and inches = 23-014 
aft, feet and inches 25-09$ 
mean, feet and inches 24-05$ 
Corresponding displacement, tons.. ne s 15,980 
Mean draught at time of middle of ganbestantion £ CO ccc tnncgesateteds 24-06$ 
Corresponding displacement, tons 16,016 


The results of the runs with and against the tide having 
been plotted as separate curves, the curve of true speed was 
obtained, from which it was deduced that a mean of both 
engines of 114.5 revolutions per minute would be required to 
give a true speed of 18 knots. 


OFFICIAL FOUR-HOURS’ TRIAL, 


On the morning of October 25, 1906, the AM/znmnesota got 
under way and went to sea for the four-hours’ official trial. 
The draught and displacement at the beginning of the trial 
were— 
Draught, forward, feet and inches 
aft, feet and inches.......cccccccccccccsses 


mean, feet and inches 
Corresponding displacement, tons 


The draught not being sufficient, the contractors put 4o 
tons of water in compartment D-11, and this weight, with 20 
tons for anchor and chain, gave a mean draught of 24-07§ at 
the time of getting under way, with a corresponding displace- 
ment of 16,075 tons. 

The trial commenced at 7h. 57m. A. M., October 25, 1906, 
the ship steering S.W. (magnetic). The weather was over- 
cast, misty and squally, with a moderate breeze from S.S.E. 
to S.W. The sea was rough. At 11h. 57m. the trial was 
finished. 


Average revolutions per minute, . . . . 122.93 
Corresponding speed from curve, knots, pene 18.851 
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A synopsis of the data obtained is shown on Plate II. 

The estimated displacement at the middle of the four- 
hours’ run was 16,001 tons, corresponding to a draught of 
24 feet 6 inches. 


TWENTY-FOUR-HOURS’ ENDURANCE TRIAL. 


At 8:00 P. M., October 25, 1906, the 24-hours’ endurance 
trial, required by the contract, was commenced, and was fin- 
ished at 8-00 P. M., October 26,1906. ‘The sea was moderate 
to smooth and the breeze was from S.S.W. to S.E. during the 
trial. 

The average indicated horsepower of the main engines for 
the 24-hours’ endurance trial was 14,554; the average revolu- 
tions 113.92; the corresponding speed from curve 17.94 knots. 

A synopsis of the data obtained during the 24-hours’ en- 
durance trial will be found on Plate ITI. 

The Trial Board called especial attention to the splendid 
performance of this vessel during the four-hours’ full-power 
trial, which was run in a moderate gale and a very rough sea, 


and also to the performance of the vessel during the 24-houts’ 
endurance trial. 


The compiler’s indebtedness is acknowledged for the data 
and information received from Lieutenant Commanders Victor 
Blue and George Mallison, U. S. N., Assistant Naval Con- 
structor Henry Williams, and Mr. H. B. Gregory, draftsman 
in office of Inspector of Machinery, without which this de- 
scription could not have been properly prepared. 











CARE OF BABCOCK & WILCOX BOILERS. 


SOME PRACTICAL NOTES ON THE CARE AND 
PRESERVATION OF THE MARINE TYPE 
OF BABCOCK & WILCOX BOILERS. 


By B. HEGGENHAUGEN, WARRANT MACHINIST, U. S. N. 


I.—TO GET A NEW BOILER READY FOR STEAMING. 


After a boiler is finished, installed, tested and turned over 
to the engineer officer in charge the boiler should be opened 
up. Remove the manhole plates from the steam drum, hand- 
hole plates from the longitudinal boxes, which are connected 
to the headers, and from the water legs. ‘The boiler is then 
ready for inspection, and is also ready to be washed out and 
cleaned, which is quite necessary, as oil and grease have been 
used in preserving the tubes and headers before being built, 
and also has been used in putting the parts together. To do 
this, attach a hose with a nozzle to the fire main, and use a 
pressure of 120 pounds. This, applied to the 4-inch nipples 
in the steam drum will remove all loose rust, bolts, nuts and 
even tools of various kinds, that workmen have forgotten to 
remove. The residue will then be collected in the longitudi- 
nal boxes, and water legs, and then can be easily removed. 
Examine all the handhole plates and see that they do not fit 
the hole too tight, as they expand by the heat, which will cause 
them to crowd in and leak. The “ Kearsarge gasket,’ made 
especially for these plates, and coated with black lead on the 
side next to the boiler, have proved to be excellent. During 
four years of constant use of these gaskets not a single mis- 
hap has occurred. 

Inspect the water-gauge glasses and fittings, and see that 
they are in line, top and bottom. Inspect the internal feed 
pipe, to see that it is secured so as not to get adrift; also see 
that the surface blowpan is in the right place, which should 
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be about two inches below the center of the steam drum. 
The zinc plates should be carefully examined and tested by 
magnito. When zinc baskets are connected to stay rods, they 
should be coated with red lead which should be protected by 
canvas. Inspect the grate bars, and see that they are even and 
not too loose, as they can be disturbed by inexperienced men 
handling the slice bars. Examine the flame sheets, and see 
that they are in the proper place, and that none are broken 
or missing. The outer casing of the boiler should be ab- 
solutely tight, with no air holes or loose bolts. The doors 
for soot boxes should fit tight. Air or steam connections for 
tube cleaners should be fitted at both ends of the boiler, with- 
in easy reach. Safety, main stop and sentinel valves should 
be carefully examined. Close up the boiler and put in five 
pounds of sal soda, and pump the boiler up to half a glass of 
water, if fires are to be started immediately. If the boiler is 
not to be used, great care should be taken to see that it is 
kept full of fresh water all the time, and that no water is 
drawn off. 
II.—TO GET UP STEAM. 

Examine both water-gauge glasses and see that there is 
half a glass of water in the boiler ; also, test the try cocks, and 
see if the water corresponds with the water shown in the 
gauge glasses. Open up the air cocks on the steam drum and 
do not close them until steam forms. Test the main stop 
valve, and do not close it too hard, as in many cases the ex- 
pansion of the tight-closed cold valve will put the disc out 
of order. Prime the furnaces. Care should be taken to see 
that the grates are well covered. If fire is obtainable from a 
boiler in use, two or three shovelfuls of fresh fire added to the 
front of the furnace on the bare grates, with the ash-pan doors 
slightly open for light draft, will slowly ignite the coal. By 
the use of a light slice bar, work the lighted coal to the 
grates. Use three hours to get up steam, and do not let all 
the boilers come to steam at the same time. In opening the 
main stop valves great care should be taken to see that the 
valve rod moves out equally with the screw. A short piece 
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of brass pipe, cut in half (the length to be the distance from 
the handle of valve stem to the screw), will always start the 
disk by opening the valve wheel slowly, and eliminates any 
possible danger of accident. The steam pressure must be as 
equal as possible between all the boilers, as in many cases the 
automatic stops cannot be relied upon. 


III.—CARE OF BOILERS UNDERWAY.—FIRING. 


Steaming under natural draft, the fires should be kept 
higher in front than in back and not too thin, as air holes and 
bare spaces on the grates are apt to develop, especially with 
inexperienced firemen. Fires 6 inches to 8 inches thick are 
most economical with good draft. Light fires from 3 inches 
to 5 inches thick will produce more steam, but are not eco- 
nomical, as in using the slice bar and leveling hoe, a good 
part of the coal goes through the grate bars and into the ash 
pans. 

The firing should be done often and regularly, firing only 
one furnace at a time, and as follows: fire the first furnace, 
then the second furnace should be leveled or shoved back, 
the third sliced, and the fourth made ready to be coaled up. 
By doing this there will be no excessive smoke, more perfect 
combustion, and the fires will be evenly worked and produce 
steam continuously. With a number of boilers in the same 
fireroom, not more than two furnaces altogether should be 
coaled up at the same time. Under forced draft, the fires 
must be kept heavy in the back so that no air holes or bare 
spaces form on the grates. The fires must be well leveled, 
and fired often. Coking the fires and shoving them back 
will give the best results both with natural and forced draft. 
When slicing the fires always let the point of the slice bar 
follow the grates to the back of the furnaces, and do not shake 
the bar too much, as green coal is liable to get on the grates. 

The fires must be cleaned regularly and the cleaning should 
be begun not later than sixteen hours after the beginning of the 
run. The number of firing doors should be divided equally 
between the three watches. When cleaning fires clean only 
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two fire doors at a time. ‘The furnace must be particularly 
well cleaned in the back, as the backs of the grates are the 
principal part of the steam-producing fire, and also clinkers 
are more apt to collect there. The grates should be cleared, 
of burned-on clinkers, and after the fire has been cleaned, 
coaled up, and again put in good order, start on the next fires, 
and so on until all the fires have been cleaned. 

The steam should be kept at aconstant pressure. If the 
pressure is lowered by cleaning fires, bring the steam up to 
the required point before another fire is cleaned. The firing 
tools should be kept in good order and sufficiently long to en- 
able the backs of the fires to be well cleaned. The points of 
the slice bars should be kept well sharpened at all times. 
The dead plates should be kept clear of fire to prevent the 
furnace-door liners from burning up. The ash pans should 
be kept covered with one half inch of water, as the rising vapor 
prevents the clinkers from burning on to the grates, and 
also prevents the ash pans from burning out by the excessive 
heat of the furnaces. The ashes should be hauled out at 
regular intervals and be ready to be hoisted up or pumped over- 
board at five bells of the watch. Care should be taken to see 
that the backs of the ash pans are well cleaned out. 

Water service for ash pans and wetting down should be 
located so that the water is within easy reach. After a con- 
tinuous run of 24 hours, the tubes should be swept, starting 
at the top and working to the bottom. After tubes are swept, 
remove the soot boxes and clean them out well. When forced 
draft is used, it is not necessary to blow the tubes, as the soot 
will not settle on the tubes, but clinkers of small size will 
gather up among the rows of tubes. 

The water in the boilers should be watched carefully. Al- 
ways carry the water steady at about one-third of a glass when 
under way. When about to come to anchor, one-half of a 
glass is found more satisfactory. Never stop the feed to the 
boilers, but keep up a steady circulation. Use the try cocks 
frequently and see that they correspond with the water in the 
gauge glasses. Try cocks should be located within easy reach 
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of the water tender. On the Ra/ezgh the original try cocks 
{which were practically inaccessible) were removed, and by a 
system of heavy }-inch brass piping the try-cock valves were 
placed within easy reach from the floor plates. If the water 
in the glass becomes low (barely in sight), and the feed supply 
fails to raise the water in the glass, haul the fires immediately, 
without orders from the officer of the watch, and report to 
him the fact of having done so, and disconnect the boiler. 
The water of the boilers must be tested morning and evening 
for salt and acidity. By use of the chemical test, more accu- 
rate results have been obtained than from the common salin- 
ometer put test. To make the chemical test, fill the gradu- 
ated glass with water to the zero mark. Then add one drop 
of chromate indicator. Then slowly add the silver nitrate 
solution. Shake the water in the glass while adding the sil- 
ver nitrate until the water becomes red. Then read off the 
graduated glass, which will give the amount of chlorine in 
grains per gallon. The chlorine should be kept below 50 
grains per gallon. The water should be kept fresh, and then 
there will be no danger from corrosion. To test for acid, use 
the same graduating glass and add a few drops of methyl or- 
ange. This will give the water a yellowish color if the water 
is alkaline ; but if it turns pink, then,the water isacid. Acid 
in the water is also found by the litmus test. Litmus paper 
is hard to keep in good condition on board ship, as it is unre- 
liable after it has been exposed to the air. Another method 
employed on this ship to detect grease and corrosion is to take 
a small amount of water from the steaming boiler into a clean 
water glass and let this water evaporate. If there is grease or 
iron in the water this will remain behind in the glass, after 
the water is evaporated ; then take a glass of distilled water 
and add it to the residue in the bottom of the glass. If there 
is any grease it will float. If there is any iron, it will sink to 
the bottom, showing that corrosion is going on. Corrosion 
will also be indicated in a boiler when the water in the glass 
shows red or black. To stop corrosion the boiler must be 
thoroughly cleaned throughout. Every 4-inch and 2-inch 
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tube, as well as all nipples, must be cleaned with the turbine 
tube cleaner. The side boxes and water legs must be scraped 
clean. If the boiler cannot be cleaned immediately upon dis- 
covering grease or corrosion, caustic soda and lime should be 
added to the feed water every day, five pounds of each for each 
boiler per day until the corrosion stops or the boiler can be 
cleaned. The surface blow valve should be used whenever 
there are signs of grease in the glass. Before allowing the 
fires to die out, and before the steam pressure is off the boiler, 
the surface blow should be used sufficiently to remove all the 
grease, thereby preventing it from settling on the interior sur- 
faces of the boiler. When boilers are under banked fires, use 
the bottom blow valve before spreading the fires, and also sur- 
face blow slightly. 


IV.—THE CLEANING AND INSPECTION OF BOILERS. 


After a boiler has been in use for fourteen days, shift fires 
to another boiler and let the fires die out and the boiler cool off. 
Before the fires have died out see that the tubes are cleaned on 
the outside with the steam tube cleaners, otherwise scale will 
form on the outside of the tubes. After the boiler has cool- 
ed off, remove all ashes and clean the furnace. Then go in- 
side of the furnace, with an electric light, make a careful in- 
spection for leaks. If any leaks are found, they should be 
carefully marked before water is run out of the boiler, and 
noted on the work list for renewal. Remove soot pans, and 
with a very small electric bulb, tubes can be readily in- 
spected. The lower 4-inch tubes should be carefully inspect- 
ed with a straight edge to see if they have curved upward. 
This should be noted carefully, and after the handhole plates 
have been removed, the tubes should be cleaned out with the 
turbine cleaners, if there are any signs of blistering, curving 
or grease. Remove the lower handhole plates on both water 
legs and let the water flow into the bilges. For washing the 
boiler use a 23-inch hose connected with the fire main under a 
50-pound pressure. The hose should be applied to all 4-inch 
nipples and 4-inch tubes in the steam drum. This should be 
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done zmmediately after emptying the boiler and before the 
sediment in the tubes and other parts of the boiler becomes 
hard. This sediment will then be collected in the boxes, 
and by removing the end plugs, and applying the hose, it will 
be washed out. The side boxes must be opened up and 
scraped. All handhole plates showing signs of leak, should 
then be removed and new gaskets put on. The steam drum 
is then scraped out to remove grease, and then the interior 
surface of the drum is wiped out with kerosene oil. It isthen 
inspected for signs of pitting, especially along the water line 
and near the 4-inch nipples. The zincs are renewed if ne- 
cessary, or cleaned and tested with the “ magneto” for con- 
tact. A few handhole plates should be removed so that the 
2-inch tubes can be examined, and if they show any signs of 
grease, every tube in the boiler should be cleaned with the 
hydraulic turbine cleaner. Afterward all the tubes should be 
swabbed out with kerosene oil. The lower row of 4-inch tubes 
will always curve upward, and can stand a great amount of 
curving before they will pull out of the headers. The 2-inch 
tubes will also curve upward, but as long as the curving does 
not interfere with the blowing of the tubes it does no harm. 
The asbestos should at all times be kept well packed between 
the headers. The grate bars and the backs of the furnaces 
should be well cleaned. With a }-inch steel rod about 6 feet 
long, the tubes can be easily cleaned from the furnace, and 
ashes and soot removed from between the tubes. This must 
always be done when the boiler is cleaned, as it materially 
affects the flame circulation between the tubes and enormous- 
ly affects the draft of the boilers. The try cocks, if of the 
Babcock & Wilcox type, should be taken out, taken apart and 
thoroughly cleaned and overhauled. The water-gauge glass 
fittings should be taken apart, cleaned out and repacked. 
Great difficulty is experienced in the use of Scotch water- 
gauge glasses in the Babcock & Wilcox boilers. They are 
continually breaking. As many as three or four glasses break 
on one boiler while getting up steam. Sometimes both 
glasses break at once, and the try cocks must be relied on. 
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The self-closing cock on the water column is found to work 
well. It would be better if a water column of the reflex 
glass-box type were substituted for the Scotch water column. 
The safety valves should be examined regularly once a month 
if the boilers have been under steam, and the springs cleaned 
and oiled. The sentinel valves, if fitted, should also be 
cleaned and overhauled. The ash pans should be cleaned un- 
derneath and scaled and coated with red lead where rust spots 
are noted (the steel plating is very light, only ;3,-inch), and 
great care should be taken to prevent the ash pans from burn- 
ing and rusting through. The fire bricks should be exam- 
ined, and if found loose or broken should be renewed. Since 
going into commission it has not been found necessary to re- 
new any of the bricks. After the boilers have been cleaned 
and the handhole plates replaced, add five pounds of sal soda 
dissolved in a bucket of water to each boiler, and close up 
manhole plates. Pump the boiler full of fresh water and close 
all valve connections. Give the boiler a hydrostatic test to 
see that all plates and valves are tight. If the boiler is not 
to be used leave it full of water, as recommended before. 
The outer casing should be kept clean and free from rust and 
scale, and the top of the boilershould be kept clean. Under 
no circumstances should spare tubes or other stores be kept on 
top of or behind the boilers. 


V.—THE FEED WATER AND FEED TANKS. 


One of the most important things required to keep the 
boiler in good condition is good feed water, fresh, free from 
grease and acid, and fed to the boiler at as high a temperature 
as possible. ‘The feed-pump suction should be placed above 
the bottom of the feed tanks to prevent it from being pumped 
dry. Great care should be taken to see that there is plenty 
of water at all times in the feed tanks to prevent the feed 
pump from sucking air and delivering it to the boilers. Va- 
rious materials have been used in filtering water in the feed 
tanks and extracting grease from the feed water after it is 
heated to a high temperature. The following is a sketch of 
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the Raleigh’s feed tank, which has given good results. The 
filtering materials tried in this feed tank are Turkish towel- 
ing, burlap and linen. Material made from wool has not 
been found satisfactory, as it rots more easily than other ma- 
terials. Sponges are apt to rot to pieces and clog the holes in 
the perforated plates and, at times, go through to the feed 
pump. ‘The temperature of the feed water leaving the main 
condensers should not be allowed to fall below 120 degrees. 
This tends to preserve the piping and also produces other 
economies. After the feed water has gone through the series 
of compartments for filtering in the feed tanks, it is forced by 
the feed pumps through the feed-water heater to the boiler. 
The feed-water heater is under pressure from the auxiliary 
exhaust. The auxiliary exhaust line is under a constant back 
pressure varying from 5 to 15 pounds. This heats the feed 
water to a temperature of 200 degrees Fahrenheit before enter- 
ing the boilers. The drain from the feed-water heater is 
through an independent line of piping to the auxiliary and 
main condenser. The vacuum in the condenser regulates the 
proper amount of water that is carried in the feed-water heater. 
It is regulated by a valve directly under the feed-water heater. 
The amount of water in the feed-water heater can always be 
ascertained from the attached gauge glass, and the feed-water 
heater should never be completely empty of water. The feed 
water should be tested for salt water twice a watch if the 
evaporators are aking up feed through the exhaust line. A 
separate line to the feed tanks, and to the fresh-water tanks 
in the double bottoms for the exclusive use of the boilers, has 
been found on the Raleigh to be most satisfactory. In this 
case the water is tested in the evaporator room. ‘The feed 
tanks should be cleaned out after each run and should not be 
allowed to run continuously over three consecutive weeks. 
Oil is not used in the main engines on the Ra/ezgh, but some 
of the auxiliary machinery, such as the pumps, etc., of the 
Davidson type, require a small amount of petrolatum. The 
ice machine and other horizontal-working machinery require 
some internal lubrication. The dynamo engines of the en- 
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closed type and working under a forced oiling system are apt 
to send oil through with the piston and valve rods. 


VI.—THE FEED PUMPS. 


The feed pumps require the very best of care. They must 
be kept in the best working order. There must be no leaks 
and the valves must be kept tight, as they have to work against 
high pressure. The valve gear should be overhauled and 
cleaned often, as well as the passover valves. The main feed 
pumps are connected up only to the feed tanks, and can not 
be used for any other purposes than to feed the main boilers 
with fresh water. The auxiliary feed pumps are connected by a 
separate line to the feed tanks, and can be used to feed the 
boiler either fresh or salt water. These pumps are also con- 
nected to the bilge suction and secondary drains, as well as to 
the sea suction, and can be used as fire and bilge pumps. 
For that reason they are not used on the boilers, 


VII.—MANHOLE AND HANDHOLE PLATES. 


The manhole plates in the steam drum andthe handhole 
plates in the headers, water legs and longitudinal boxes should 
be carefully tightened up when steam is forming in the boiler, 
as the pressure on the inside tends to make the plates loose. 
The setting up on these plates should be done by the boiler- 
maker ody, and to no greater extent than is necessary. 


VIII.—REPAIRS. 


The brick work should be carefully examined for loose and 
burned-out bricks. If any such are found they should be im- 
mediately replaced. To remove 4-inch tubes use a ripper on 
the back end, and then back the tube out by the use of a sledge 
and a set. The ripper should be carefully used so that the 
tube hole in the header will not be in any way damaged. 
The tube is very easily backed out through the front header. 
To remove a 4-inch nipple it is split the full length by a dia- 
mond-point chisel and backed out through its own hole. To 
remove a 2-inch tube use a diamond-point chisel in the front 
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to cut out a V-shaped hole from the tube, at a distance of 
from 2 inches to 4 inches back from the header. The V hole 
does not need to be over rinch at the widest place. Then 
with a chisel bar, bent so as to allow it, remove this V- 
shaped piece. After the V-shaped piece is removed, the 
edge of the header can be seen. By using the “ oyster knife” 
or “lifting tool” the tube is then easily loosened, and with a 
hammer and set the tube is driven out from the back. In 
driving the tube from the back, use the set so as to close the 
tube together. After the tube is removed, clean the tube seat 
well for burs, and also clean thoroughly the new tube which 
is to replace the old one. The tube should set out at least 
half an inch on each end after it is set in place. ‘Tubes are ex- 
panded with a roller expander supplied by the Babcock & 
Wilcox firm. After any repairs are done to a boiler, such as 
renewing tubes or nipples, the boiler should be given a hydro- 
static test to see that all the repaired parts are tight. The 
dead plates and furnace-door liners are apt to be burned out 
by careless firing. Therefore they should be well examined 
and kept in repair. To remove a section of the flame sheet 
remove the side casing, and the flame sheet can be canted over 
and drawn out. To renew a flame sheet run it in flat, and 
cant it up so that the tubes strike the right hollows in the 
flame sheet. By use of a light iron bar it can be tilted up 
straight along the line of tubes. 


IX.—BANKING FIRES. 


When ordered to bank fires they should be, after burning 
down, pushed to the back of the grate and covered with wet 
coal, the fire and damper doors being kept shut. 


X.—SUDDEN STOPS. 


If the boilers have been fired heavily and the engines are 
stopped, the ash-pan doors should be put on, and the damper 
doors in the uptakes opened up intothe firerooms. This will 
break the draft. The furnace doors do not then have to be 
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opened. The opening of the furnace doors, if necessary, must 
be done gradually, to prevent a too sudden cooling of the 
tubes. The furnace doors should not be opened unless abso- 
lutely necessary. 


XI.—SPARE PARTS. 


The principal spare parts to be carried on board are 4-inch 
and 2-inch tubes, 4-inch nipples, handhole plates, furnace-door 
liners, and dead plates. A number of manhole and handhole 
gaskets should be on hand at all times ready for use. 


INSTRUCTIONS FOR WORKING BABCOCK & WILCOX BOILERS. 


CIRCULAR LETTER No. 46. 
ADMIRALTY, S. W., 37st March, 1906. 


With the view of affording assistance to officers concerned 
in the management and working of Babcock & Wilcox 
boilers, My Lords Commissioners of the Admiralty are pleased 
to direct the following instructions to be issued : 


I.—RAISING STEAM. 


The boilers should always be filled with clean, fresh water 
or distilled water. Steam should be raised slowly when the 
brickwork is new, if the service allows, but at other times 
steam can be raised as quickly as the fires can be got to work. 

Whilst steam is being raised, attention should be given to 
all the boiler fittings and feed arrangements to see that they 
are in good working order, and special care should be exer- 
cised in tightening up with the special spanner provided for 
the purpose any handhole fittings that may have been taken 
off for examination or cleaning. 

After steam is raised, the boilers should be connected up 
with care, and the main stop valves opened very slowly, the 
opening of the stop valves to be just sufficient to give a small 
amount of wire drawing to the steam, but not so contracted 
as to cause any considerable loss of pressure between the boiler 
and the engines. 
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II.—FIRING. 


To maintain a steady steam pressure and ensure economi- 
cal working, it is necessary to fire at equal intervals of time, 
the method usually adopted being to number the fire doors as 
per sketch and to fire through each opening in order of num- 
bers at equal intervals. 

As a rough guide of what should be done, it has been found 
that for maximum continuous steaming with good Welsh 
coal from three to four good shovelfuls at a time should be 
thrown through one fire-door opening on each boiler every 
two and a-half minutes, the number “One” fires of all the 
boilers to be fired in rapid succession one after the other, one 
door only to be open at a time; two and a-half minutes after- 
wards the number “‘ Two” fires in all the boilers to be fired in 
rapid succession ; two and a-half minutes after that the num- 
ber “ Three” openings, and soon. ‘This may be convenient- 
ly arranged with a clock in each firing room, each clock set 
a little in advance of the other so as to have as few fire doors 
as possible open at one time. 

If a higher rate of steaming is required, it is preferable to 
decrease the interval between firing rather than add largely 
to the quantity of coal put on at a time. 

For ordinary service the number of boilers in use should 
be arranged for at a rate of combustion of from about 15 to 
18 pounds of coal per square foot of fire grate per hour, with 
fires from four inches to five inches thick, and no air pressure 
in the stokehold. With an air pressure in the stokehold of 
half an inch of water, the fires should be from 6 inches to 7 
inches thick. 

The fires should be kept clear of the dead plates so that the 
furnace-door baffles shall not become overheated. The 
amount of opening of the ashpit doors should be kept as small 
as possible, and great attention should be paid to this point, 
as the best results are obtained with an excess draft checked 
at the ashpit. 

The coal must be well broken up and thrown on the fires 
quickly, the largest lump being not greater than a ball of four 
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inches diameter. The furnace doors should not be left open 
longer than is necessary, so as to prevent too much cold air 
getting into the furnaces. Two men should be employed for 
the operation of firing, one to put the coal on and the other 
to open and close the furnace door in the intervals between 
successive shovelfuls. When a furnace door is opened for 
firing the stoker should see at a glance where coal is required, 
for the flame and smoke caused by the first shovelful, as soon 
as it is thrown in, prevents the exact condition of the fire 
from being afterwards seen. A sharp lookout should be kept 
for any thinning of the fires at the sides and between the fur- 
nace doors, and, in order to prevent this, the fire near the 
brickwork should be kept rather thicker than that of the re- 
maining area. The stoker should learn to distribute the coal 
over the grate so uniformly with the shovel that it will be 
unnecessary to level the surface with the rake or slice. 

Under natural-draft conditions of steaming, the same amount 
of coal should be burnt in each furnace, and, as it frequently 
happens that some furnaces have a better draft than others, 
the draft plates should be regulated accordingly. In order to 
maintain fires of uniform thickness under forced draft, fires 
which get greater draft should be supplied with more coal in 
order to keep them of even thickness and free from holes; 
the maintenance of a steady output of steam under forced draft 
should be effected by the speed of the fans and not by the 
ashpit draft plates. 

The ashes in the ashpits should be removed as often as con- 
venient, as they interfere with the draft and injure the firebars. 

It is important for the most effective combustion and econ- 
omy that the fires should be kept light and level, thus en- 
abling the combustion to take place in the fire-box itself, pre- 
venting as far as possible the sooting up of the tubes and 
flaming in the uptakes and funnels. 





III.—-CLEANING THE FIRES, 


The fire on the grate opposite one furnace door only should 
be burned down and cleaned out at a time. The plan recom- 
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mended is to clean the section of grate opposite No. 1 furnace 
door in each boiler in use in one watch, the section corre- 
sponding to No. 2 furnace door in the next watch, and so on. 
The fires cleaned in each watch should be dealt with at reg- 
ular intervals so as to distribute the work equally throughout 
the watch. 

The firebars should be kept free from clinker by the use of 
the slice in the intervals between the cleaning of the fire. 


1V.—FEEDING. 


The feeding must be done as uniformly as possible. 

When getting under way, commence by opening all the 
feed-check valves a little, and to the same extent also test all 
the water gauges. 

Should any difficulty be experienced in the feeding of a 
boiler, the combustion should at once be checked by closing 
the ashpit doors, and steps taken to find out the cause. The 
float lever should be worked by hand to ascertain that the 
feed regulator is not at fault. 


V.—WATER LEVEL. 


The water level should be kept between one-fourth and 
three-eighth glass when under way; when the boiler has 
the ashpit doors shut, and is doing no work, about two inches 
in the glass is sufficient. 

The handle of the automatic-feed regulator should be moved 
about once a day so as to ascertain whether the float is work- 
ing freely, and‘at least every three months the float, lever and 
piston of the automatic-feed apparatus should be taken out, 
examined and cleaned. 


VI.—AUTOMATIC-FEED REGULATOR. 


All the boilers are fitted with an automatic-feed regulator 
composed of a revolving piston valve actuated by a float, and 
controlling the feed supply, the object of the apparatus being 
to automatically control the admission of feed water to the 
steam generator. 
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With the Babcock & Wilcox feed regulator, the working 
water level of the boiler may be adjusted by moving the piston 
valve lengthways, by an adjusting screw in accordance with 
an index, which is attached to the screw itself. By this oper- 
ation, owing to the ports being cut diagonally both in the 
piston valve and liner, the position of the cut-off is altered ; 
there is also a handle attached to the regulator by which the 
free movement of the float can be ascertained. 

As the regulators are only intended to level the feed water 
when the boilers are at work, it is necessary, when the boilers 
are shut off, to close the feed supply by using the hand-check 
valves. 





VII.—FEED-WATER TEMPERATURE. 


The temperature of feed water leaving the main condensers 
should not be allowed to fall below 120 degrees while fairly 
under way, and for the auxiliary condensers a slightly higher 
temperature will be beneficial ; this will not only tend to econ- 
omy, but prevent the absorption of so much air by the water, 
thus promoting the preservation of boilers and pipes. 


VIII.—BLOWING DOWN AND SCUMMING. 


When under steam, and the water in the boilers is fresh, 
they need only be blown down once a watch. For this pur- 
pose the blow-off cock on mud drum should be opened wide 
quickly for about two seconds, and then closed quickly. After 
waiting about one minute, this operation should be performed 
a second time. This removes the oil and lime in deposit in the 
mud drum. 

Never open the blow-off a small amount for a long time, in 
order to blow out, as this may choke up the valve or cut the 
faces and cause leakage. 

If the gauge glasses show that oil is present in the steam 
drum the scum cocks should be used occasionally. 





IX._STEAM AT HIGH POWER. 


(1) With Natural Draft.—When the order for full speed 
is received, open the ashpit doors, charge the grates more fre- 
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quently, but at regular intervals, and using an equal amoutit 
of fuel at every charge, the amount to be such as shall keep 
the layer of the fire on the grate quite uniform and not more 
than five inches thick. 

If necessary, equalize the layer of fuel with the fork or rake 
after three or four complete charges of the whole grate surface. 

If the fires become too dirty, raise the clinker with the 
slice and remove it quickly. 

To resume the ordinary speed, it will be sufficient to re- 
duce the opening of the ashpit doors and to increase the in- 
terval between the firings. 

(2) With Assisted Draft.—When the natural draft is not 
sufficient, the fans should be started, either to assist the 
natural draft with an open stokehold, or, if required, with 
stokehold closed. 


X.—ACTION TO BE TAKEN IF THE ENGINES ARE SUDDENLY STOPPED. 


If the steam requirements are suddenly greatly diminished 
or altogether stopped, the rate of combustion must also be 
diminished ; to do this, close ashpit doors, and if this is not 
sufficient, slightly open the furnace doors. The opening of 
the furnace doors, however, must be done gradually, to pre- 
vent any too sudden cooling of the heating surfaces, and 
should not be resorted to unless absolutely necessary. 


XI.—FILTERS. 


Care should be taken that the filters for filtering the feed 
water be kept in good order and clean, for if the cloths are 
allowed to clog the grease will pass through and obtain ac- 
cess to the tubes. 


XIL—CLEANING THE FIRE SIDE OF THE TUBES UNDER STEAM. 


If water is not used in the ashpits, it will only be necessary 
to clean the fire sides of the tubes under way on long runs ; 
for instance, after three or four days’ continuous steaming. 

The tubes can be cleaned by a steam or air lance or, in 
some Babcock & Wilcox boilers, by a fixed apparatus. The 
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lance is usually inserted between the tubes through the doors 
at the sides of the casings, but in some boilers it is used be- 
tween the headers from the fire-door end. 

Cleaning by means of steam lances should be done only 
when the fires are actively at work, and then care should be 
taken that the lance is well blown through before it is ap- 
plied to the tubes; if this precaution is not taken, the soot on 
the tubes will be wetted and cake on. 

Scoria, which accumulates on the bottom row of tubes, 
should be removed by scrapers, as far as practicable, when 
the fires are being cleaned. 





XIII.—CORROSION, 


To preserve the boiler from corrosion the water therein 
should always, whether at rest or working, be kept alkaline 
by the introduction of lime. 

Lime partially amalgamates with any oil present, thus 
facilitating the deposition of grease either in the filters or feed 
tanks. Great discretion, however, should be exercised in the 
amount of line used. So far as it is possible, only lime in 
solution should be allowed to enter the boilers, as the solid 
particles increase the amount of deposit in the tubes. 


XIV.—SHUTTING OFF A BOILER. 





When a boiler is to be shut off, all accumulations of dirt 
should first be removed by use of blow-out valves, and the 
boiler then pumped up again to the usual level, unless it 
needs emptying to carry out any repairs. 

Meantime the fire is allowed slowly to burn down, so that 
the circulation in the boiler may be kept up as long as pos- 
sible, which will prevent any dirt still remaining in the water 
from settling in the lower tubes. 

After the fires have been drawn, the grates and brickwork 
of the furnaces should be thoroughly cleaned, the ashes should 
then be drawn and the ashpans emptied of water and cleaned. 
Emptying the boilers by blowing out should not be resorted 
to as a general practice. 
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XV.—REGULAR INSPECTION. 


Whenever a boiler is put out of use, an external inspection 
of the lowest rows of tubes and of the brickwork in the fur- 
nace should be made. 

Defective places in the brickwork should be repaired as 
soon as possible, and special care should always be taken that 
the protective arches over the furnace doors are kept in good 
condition. 

A bending upwards of the bottom rows of tubes may occur, 
but no action as regards straightening or renewing is general- 
ly required, provided the tightness of the joints is not affected. 

Should a curvature of over ? of an inch be observed to take 
place in the lower tubes, this is usually a sign of either in- 
ternal fouling sufficient to interfere with the proper conduc- 
tion of heat, or the presence of oil which, although perhaps 
sufficient to form only a very thin layer over the inner sur- 
face of the tubes, may be quite sufficient to cause a consider- 
able curvature to take place. Bent tubes should not, except 
in special cases, be straightened in place, the process tending 
to strain the joints and cause them to leak. It is generally 
preferable to remove the bent tube, and this will usually be 
found unnecessary until the curvature is such as to offer ob- 
struction to inspection and cleaning. 

Under such circumstances immediate cleaning of the inte- 
rior of the tubes is necessary. 

The ends of the lower tubes should be carefully examined 
for signs of leakage, and if any such signs appear they, should 
be at once investigated and any defect remedied. Should the 
leakage be sufficient to necessitate rolling, the tube rollers 
should be used as lightly as possible. 

The soundness of the whole of the lagging on the boilers 
should be examined, and any loose plates repaired. Special 
care should be taken that the casing doors fit well on their 
framing and the snecks for securing them act efficiently ; also 
that the asbestos packing between the headers is in good con- 
dition, thus preventing any excess of cold air entering the 
boilers and causing loss of draft and efficiency. 
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XVI.—PRESERVATION OF THE BOILER. 


The boiler, when not under steam or open for examination, 
is to be kept quite full with fresh water, the boiler being pump- 
ed up within 24 hours of completion of steaming, and so kept 
to within 24 hours of again being so required. 

If the boiler is to be examined within a few days of com- 
pletion of steaming, the water should not be allowed to remain 
at working height, but the boiler pumped up as directed above. 

When it is necessary to open out the boiler for examination, 
it should be emptied and carefully dried to prevent corrosion, 
and kept dry by means of airing stoves in the furnaces. 

In pumping up boilers, care should be taken to ensure the 
water being distinctly alkaline, by adding an additional quan- 
tity of lime to the feed water previous to pumping up. 

Special attention should be paid to ensure the boilers 
being kept quite full. 

The shrinkage of the water by cooling, or any loss by 
leakage, is to be made up daily until it is certain, from water 
only issuing from the air cock on the highest part of the 
boiler at the first stroke of the pump, that the boiler is quite 
full. Any subsequent loss of water is to be made up once a 
week. 

As a rule, the outer surfaces of the tubes are galvanized and 
so protected from rusting. It is desirable, in cases where the 
zine coating has been burnt off the lower tubes, to protect the 
surfaces exposed to the flame by a coating of black lead and 
water. This coating will not only protect the surfaces of the 
tubes, but will also prevent ash and clinker forming on them. 

Funnels which are not in use are to be kept covered. 

In cold weather the temperature of boiler rooms, and of 
water in boilers which are quite full, must not fall below 40 
degrees Fahrenheit. 

In commissioned ships, all the boilers are to be thoroughly 
examined internally and externally once in each quarter, even 
though steam has not been raised since the date of the last 
examination. It is important that the connections of the zinc 
protectors be kept efficient. 
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XVII.—INTERNAL CLEANING. 


The two lower rows of tubes and those in the sections 
nearest to the feed inlet should be cleaned as frequently as 
possible, the upper rows at varying intervals, the length of 
which to be determined on examining the boilers from time 
to time. In order to ascertain the condition of the remaining 
parts of the boilers, several of the tubes should be opened up 
and examined, and these parts should be cleaned where found 
necessary ; likewise all the other tubes connecting the headers 
to the steam collector and the sediment box should be period- 
ically cleaned. The headers are to be thoroughly cleaned be- 
fore any tube doors are replaced. The steam collector with 
internal fittings to be regularly and thoroughly cleaned. 

The automatic feed regulators should be regularly over- 
hauled. Any grease or other deposit collected in any part of 
the boilers is to be removed as soon as observed. 

Should the sediment in the lower tubes be of a soft nature, 
it can be removed by means of the stiff wire brushes which 
are supplied. If the brushes are not sufficient to remove the 
scale, scrapers should be used. 

If scale of a nature requiring the use of the turbine, or other 
suitable cleaner, be found in the tubes, its removal will be 
facilitated by first boiling out with a strong solution of soda, 
which will have the effect of softening the scale; the forma- 
tion of such a scale, however, can only be caused by abnor- 
mal conditions. 

To do this, allow one pound of soda for every 30 square feet 
of heating surface, and boil for at least 12 hours, allowing the 
steam to blow off through the safety valves at about 40 
pounds pressure ; the water level while boiling out should be 
about one inch above the scum pan. Every two hours dur- 
ing the boiling an inch of water in the gauge should be blown 
out through the scum cocks, which should be kept wide open 
until the steam blows through. The bottom blow-off cocks 
should also be opened wide for about 10 seconds after the 
scum cocks are shut off and the water has regained its normal 
level, the loss to be made up with fresh water. 
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After the boiling out is finished, draw the fires, and let the 
boiler cool down; when sufficiently cold, lower the water in 
the boiler until the steam collector is empty, and clean that 
part thoroughly. Then lower the water in the tubes gradu- 
ally, take off the caps from the front and back headers, and 
clean the tubes out thoroughly whilst’ the deposit is in a wet 
state. Clean each row of tubes successively in the same man- 
ner, working downwards until all are finished ; then take the 
handhole fittings off the sediment box and the auxiliary sedi- 
ment boxes, and clean these likewise. All the short tubes 
connecting the headers to the steam collector and to the sedi- 
ment box are to be cleaned. The headers are to be thor- 
oughly cleaned before any tube doors are replaced. 

It is important that the external parts of boilers which are 
not under steam should be kept dry and clean. 

After the boiler has been closed up, and before steam is 
raised in it, it is to be tested by water pressure to at least 
nearly the pressure at which the safety valves are loaded, and 
all the joints inspected for leakage during the time the pres- 
sure is on. When steam is being raised in the boiler, the door 
fittings are to be tightened as requisite, with the special span- 
ner provided; the steam pressure being on the back of the 
door tends to slacken the nuts, and if this precaution be not 
taken, some of the joints may show a tendency to leak. 

Partial internal inspection, the extent of which will depend 
upon the circumstances of the case, is to be made whenever 
a boiler is put out of use after a period of steaming, and on 
other occasions as opportunities offer. 

For a partial examination, is is only necessary to remove 
the tube-hole doors from the two bottom rows of tubes, and 
to examine these tubes; if they are in a satisfactory condition 
as regards corrosive action and deposit, it is probable that the 
tubes of the upper rows are also in a satisfactory condition, 
and it will, in general, be sufficient to test this by inspecting 
only one tube in each row taken diagonally across the boiler. 

No boiler is to be closed up until every tube which has 
been opened out has been searched, and the other parts of the 
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boiler carefully examined by an Engineer officer, or by a 
trustworthy and competent chief petty officer. 

On all occasions after steaming, in order to get rid, as far 
as practicable, of any grease or sediment before the fires are 
drawn, water is to be blown out through the scum cocks until 
steam blows through, and the bottom blow-off cocks are also 
to be opened for a short time. All the tubes are to be thor- 
oughly cleaned externally with brushes as soon as practica- 
ble after the fires out. The fire side of the lowest row of 
tubes and the furnace brickwork are to be carefully examined. 
The ashpans and bilges under them are to be thoroughly 
dried out. 

XVIII. —REPAIRS. 


It is very important that the brickwork should be kept in 
good condition, otherwise the casings will suffer. 

A bottom tube can be taken out by cutting a groove in 
each end with a cross-cut chisel, and afterwards removing the 
tube by means of a drawbar, or by cutting completely through 
each end of the tube by means of a special internal cutter, 
and afterwards removing the two end pieces by cutting them 
through with a cross-cut chisel. Whenever the chisel is used 
care should be taken not to damage the tube seats. 

Should it become necessary, for any reason, to remove an 
upper tube, this can be easily done by closing the ends with 
a cupping and withdrawing tool supplied for that purpose, 
and at the same time driving the tube out. This operation 
does not necessitate cutting the tube in any way, and can be 
carried out very quickly. 


XIX.—HANDHOLE AND MANHOLE DOORS. 


The manhole doors in the steam and water drum and the 
handhole doors on headers and mud drums, are jointed with 
wirewoven asbestos rings, which should be blackheaded on 
one side only, z.é., the side next the header. ‘The surfaces of 
the headers should be cleaned before the handhole covers are 
put on. 

It is very important after renewing a number of handhole 
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joints that they should be screwed up again while steam is be- 
ing raised, as the pressure on the inside tends to make the 
nuts slack, and thus causes the joints to leak. 

The screwing up of these doors should be done by one man 
only, and with the special spanner provided for the purpose, 
so that no more than the necessary and uniform strain may 
be applied. 

Under no circumstances should any greater leverage than 
these spanners themselves provide be applied. 


XX.—BANKING FIRES. 


As a general rule, fires should be allowed to burn out when 
the engines are stopped, unless steam is likely to be required 
at very short notice. 

The banking of heavy fires is undesirable, for with closed 
furnace and ashpit doors it is liable to cause overheating and 
bending of the fire bars and bearer bars. 

When it is considered essential to bank fires, they should 
be burned down, pushed to the back of the grate and kept 
light, the fire doors and ashpit doors being kept shut. 

This letter to be substituted for Admiralty Circular Letter 
of the 25th July, 1904, S. eee. which is hereby cancelled. 

By command of their Lordships, 
EVAN MACGREGOR. 
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.TRIALS OF H. M. S. DREADNOUGHT. 


The performances of the Dreadnought are being watched 
with manifest interest by all who wish for the well-being of 
our Navy. She is the outcome of long experience, and in- 
cludes various experiments, the success of which has yet to 
be fully demonstrated. We might cite many things ap- 
parently new in her, yet old. But, confining our attention to 
the machinery, there is no doubt of the magnitude of the step 
from reciprocating to turbine engines. Technical men may 
be divided into Moderates and Progressives, or into the 
“James Watt cult” and “ Turbinists,” and only a few regard 
warship machinery in the correct light, which is the speed 
given by a certain weight of machinery burning a certain 
weight of coal. The cost of the machinery need only be con- 
sidered when it has to earn dividends. 

She has eighteen Babcock & Wilcox boilers, each of twenty 
elements, arranged in three stokeholds, and fitted for burning 
oil fuel in conjunction with coal. The grate surface is 1,560 
square feet, the heating surface 55,400 square feet, and the 
tops of her funnels are about 85 feet above the fire-bars. Each 
stokehold has a tube, about 30 inches diameter, which can be 
used for raising ashes, or wounded, by electric lifts. See’s 
ash ejectors are also fitted. Each stokehold is self-contained. 

The main condensers have 26,000 square feet of cooling 
surface, the auxiliary condensers 6,000. There are four pro- 
peller shafts, all the four capable of going ahead or astern in 
pairs. The wing shafts have each two turbines on them, one 
high-pressure ahead turbine and one high-pressure astern tur- 
bine ; the inner shafts have each three turbines on them, 
cruising, low-pressure ahead and low-pressure astern. The 
wing propellers are ahead of the inner propellers. The con- 
struction of the rotors is generally known; these have been 
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carefully balanced under steam, and can run up to a speed of 
400 revolutions per minute, and each shaft has a governor 
fitted. 

The very high quality of work, the exactitude of the work- 
manship, have been noted by all who have seen the turbine 
machinery in Vickers, Sons & Maxim’s works. It may be 
of interest to mention that each of the cruising turbines has 
39,600 blades in it, and the total number in all the turbines is 
in proportion. One feature in turbine machinery is the im- 
mensity of the exhaust pipes, each of the Dreadnoughi’s 
exhaust pipes being a rectangle 12 feet by 4 feet—this for 
11,500 horsepower. The system of dry and wet air pumps is 
well known. 

Whilst the Dreadnought was under construction and some 
doubts as to her success existed there were excellent reasons 
for saying as little as might be about her. Now, however, 
that the ship has proved herself so entirely successful, and 
that the facts are practically public property, the following 
details may be given. The turbines are of the following 
sizes : 


ROTORS. 
Diameter. Length. 
Conabaanie, Dat iG Tei isos acces cepope Swesctsen osassvcnes yess 5-8 8-6% 
High-pressure ahead, feet and inches.:..............+essessse 5-8 8-74 
Low-pressure ahead, feet and inches ...........:s:seeseeeeees 7-8 6-6 
High-pressure astern, feet and inches..............ssessss0+s 5-8 3-14 


The low-pressure astern rotor is, as usual, in the same casing 
as the low-pressure ahead one. The necessity for accurate 
balance is apparent when it is mentioned that the actual 
weights of the revolving rotors on one shaft amount to 32 
tons. The boilers were designed to burn 34,500 pounds of coal 
per hour at full speed. The results show how this has been 
approximated to, and though the designed power was exceed- 
ed—as at 23,000 horsepower she only just neared the design- 
ed speed—yet there was little danger if the intended 320 
revolutions per minute were passed so far as damage to rotors 
was concerned. 

Doubtless the turbines will occupy technical attention for 
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1210 H. M. S. DREADNOUGHT. 


H. M. S. DREADNOUGH1.—MEASURED-KNOT TRIAL, 9TH OCTOBER, 1906. 














Revolutions per minute. Horsepower. 
- | Time am = 

Run. | Starboard. Port. | along |Speed.| otpa. Port, | All of 
| _— all. | all, | all. 


| Inr. Wing.| Inr. \Wing. 











| | Min. sec.| Knots. 








I 354-9 | 324.8 | 342.0 | 320.8| 3 10 | 21.78 | 13,774 | 14,125 | 27,899 
2 353-2 | 333-3 | 351-4 | 328.2| 3 13 | 21.45 | 13,663 | 13,670 | 27,333 
3 348.5 | 329.5 | 347-3 | 325.8| 3 10 | 21.78 | 13,140 | 13,588 | 26,728 
4 340.8 | 328.1 | 340.8 327.4 | 3 13-5] 21.39 12,842 | 13,270 | 26,112 

















Simpson’s mean..| 21.6 | Mean. Jn, 518 





H. M. S. DREADNOUGHT.—EIGHT-HOURS’ TRIAL AT 23,000 HORSEPOWER 
ON 9TH OCTOBER, 1906. 


MEAN RESULTS. 


Steam pressure in boilers, pounds...................:.eeeeeee 241 
a BI go essccasetrietneccnsivsassoncincessesssescenss 1.2 
Initial steam pressures— Stbd. Port. 
In cruising turbines, pounds...............s00ccseecceseeees Se ue 
In high-pressure turbines, pounds........................ 157-5 154.6 
In low-pressure turbines, pounds.......................000 7-7 12.0 
SESS: gE LE ee 27.0 27.4 
Revolutions per minute, inner shafts......................... 337-2 333-3 
EE PED coccoltkasnoigtepeassieres 322.2 321.7 
EDI, TE oii vecedtiinrseticettoisexncsenseorsses 7,430 7,447 
I araikucpcascvsvonsasdebtahechosyicdeds 4,795 5,040 
icctccdecesaabensistvaeddaalbactsioncs+rcckéedavsnwiésesessabesin 12,225 12,487 
Aggregate horsepower... - sneha 24,712 
Coal per indicated horsepower p per r hour, ‘pounds... 1.51 
Water evaporated per pound of coal, pounds............. 10.03 
TE I Oe Bs io oie cnsnccsccictccscarenesess 25.1 
Water per horsepower : 
Main engines per hour, pounds..................000.sese0 14.41 
. Auxiliary engines per hour, pounds...................0 1.15 15-56 
RE es ccs thers sacdodesenaracschecscessooctoccasocers 21.25 
Ce Te aici cccectnccckcresicnccscdnsecccaes 21 
Pn NR I I on odo osc seamen posasaaesacssresieals 26 


some years to come, and the results of careful and unbiased 
observation will add to technical knowledge. 

The public must remember that four propellers are an 
experiment ; there is very little experience with them, hence 
it may be found advisable to make experiments with other 
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designs; but, as we show, the Dreadnought has done all that 
was expected of her, and has on her first trials been remarkably 
successful. 

Lord Brassey, in March, 1905, speaking of our warship build- 
ing, said: “ Each new design for British battleships has shown 
a. marked advance upon the preceding type. There are none 
better under any flag. It may be claimed that England has 
led the way in these splendid creations of the labor and 
ingenuity of man.” This may well be said of the Dreadnought. 
But she will not be repeated. Her design and construction 
have been an education, and already her successors have feat- 
ures in their design which will be improvements. 

One very important feature about the Dreadnought is that 
her complement of men is much smaller than that of the 
Terrible or Magnificent, her crew all told numbering but 
about 655 as against 900 and 820 of the former. 


H. M.S. ‘‘ DREADNOUGHT.”—THIRTY-HOURS’ TRIAL AT 16,25 HORSEPOWER 
6rn AND 7tH OCTOBER, 1906. 


The first ten hours without closed exhaust ; the next six hours with closed 
exhaust on turbines and auxiliary condenser; the last fourteen hours with 
closed exhaust on turbines and evaporators. 


MEAN RESULTS. 


Steam pressure in boilers, pounds..........-......sseesesseeees 232 
Air pressure in stokeholds, inch...............ses00 ceeseseerees 0.9 
Duration of trial, HOurs..........cccccce seccccsvesersecccsccseceres 30 
Initial steam pressures in— Stbd. Port. 
High-pressure turbines, pounds..............0...ssseeeeeeees 11.04 109.3 
Low-pressure turbines, pounds...............ssseseeeeseseeeers 0.6 3-75 
Cominitag SUSI, DORNER 66.<.. <cccceves cscs ss scvatecsssesestens te mie 
Vaccum in condensers, inches............cccccccsses seoesssseees 27.5 27.9 
Revolutions per minute: Inner shafts.............eceeeseeeers 298.34 294.4 
WEE GUI sciascsnccsccscecceterese 286.22 286.08 
Horsepower : Inner shafts..............0000-ecscrcseces sevseeenees 5,092 4,988 
NE CI caike pbicecnescncnvesonamnaectev at: ocak 3350 3,500 
WN idesths pale neediest baconeedodetiiscneiadaclimeuante 8,442 8,488 
I CI dcierecciiaiexesioidevethebistentborrnn 16,930 
Steam condensed per horsepower, pounds..............0s000 17.01 
Waste of feed water, t0s......ccccc.ccccccccrcsccscccccosecccoece 54.03 
Water evaporated per * of coal, pounds.............+. 10.01 


Speed of ship, knots.. Kav senaecepgoubsouseadgepeesseuseonte 19.3 
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The horsepower of the engines was measured directly by 
means of Denny and Johnson’s torsion meters. This, it will 
be remembered, depends for its action upon the measurement 
of the angular distortion of the shaft itself. The shaft is thus 
converted into a transmission dynamometer, and the power 
passing through it is easily found. The apparatus consists of 
two discs or wheels of gunmetal keyed to the shaft at a suit- 
able distance apart. Each disc carries one or more—generally 
one—perinanent magnets, with the pole sharpened to a knife 
edge projecting from its periphery. Immediately underneath 
each disc is a stand containing a number of independent coils 
of insulated wire. Wires from the coils are led to a telephone 
which has differential winding. It is so arranged that if the 
shaft rotates without any distortion the permanent magnets 
pass simultaneously two coils, one in each stand, which are 
paired. The result is that absolutely simultaneous currents 
pass through the differential windings of the telephone, and 
the receiver does not speak. Suppose now that the shaft 
twists, then one magnet will pass one of a pair of coils before 
the other, and the telephone will tick for each one. But, by 
means of a suitable switch and contact studs, various coils out 
of the numbers on the stands can be paired together, and there 
is little difficulty in finding two which are the correct angular 
distance apart. As soon as this happens the telephone ceases 
to speak. The angular distortion of the length of shaft taken 
is then read off the instrument, and, being multiplied by a 
constant, gives the power that is being transmitted. This 
instrument, which has proved itself to give accurate results in 
many trials, is made by Kelvin and James White, Limited, of 
Glasgow.—“ Engineer.” 
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REQUIREMENTS FOR ASSISTANTS TO THE 
SENIOR ENGINEER. 


By LIEUTENANT W. R. WHITE, U. S. Navy. 


The method below has been followed with such success on 
the U. S. S. Xearsarge that the writer feels warranted in 
making the assertion that in three months a United States 
Naval Academy graduate can be made a thoroughly capable 
sea-going assistant engineer. 


PRACTICAL KNOWLEDGE DEEMED ESSENTIAL FOR MID- 
SHIPMEN, ENSIGNS AND LIEUTENANTS BEFORE THEY 
SHOULD BE ASSIGNED A DAY’S DUTY IN 
PORT OR A WATCH AT SEA. 


Until accomplished : 

(1) Midshipmen and all commissioned officers will habitu- 
ally spend all their time below during working hours—week 
days from 8°15 A. M. to 11°45 A. M., and from 1’oo P. M. to 
4°30 P. M.; Saturdays from 8-15 A. M. to 11°45 A. M. 

(2) They will be present at the musters at stations at 8°15 
A. M. and r’oo P. M. 

(3) They are required to know the following at the end of 
one month : 

(a) All petty officers by name and by sight ; 

(b) The personal capabilities and the reliability of all 
mechanics and of all petty officers ; 

(c) The condition and details of all work done each day. 

(4) Except under unusual circumstances they will not be 
granted permission to leave the ship before 4'00 P. M. on week 
days and before noon on Saturdays. 
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WORK FOR OFFICERS UNDER INSTRUCTIONS IN THE 


ENGINEER DEPARTMENT. 


Make the following sketches, noting at all joints— 


(a) Kind of packing ; 

(b) Its thickness ; 

(c) How long in place ; 

(d) And show roughly a sketch of each type of valve in 
the line or on the machine. 


Two answers to the questions below are required each day 
except Sundays—twelve weekly. The first twenty-one (21) 
questions will be finished in order and then the others option- 


ally. 


All sketching is to be original and is to be done from 


work ; blue prints are not to be consulted, and every one is 
pledged not to copy nor to consult other persons’ drawings. 


I. 


> Ww nN 


OMNI AN 


IO. 
II. 
12. 
13. 
14. 
15. 


16. 


17. 
18. 


19. 


Copy station bill for three sections. 

. Copy station bill for four sections. 

Copy cleaning and repair station bill. 

. Main feed line—suction to boilers. 

. Auxiliary feed line—suction to boilers—fresh water. 

. Auxiliary feed line—suction to boilers—salt water. 

. Main steam line. 

Main exhaust line—H.P. engines to condensers. 

. Auxiliary steam line. 

Dynamo steam line. 

Dynamo exhaust line. 

Fire main—showing all valves, risers, etc. 

Flushing system and how gotten into ash chutes. 

Drainage compartments A, showing all connections. 

Main drainage compartments B, showing all connec- 
tions. 

Main drainage compartments C, showing all connec- 
tions. 

Drainage compartments D, showing all connections. 

Auxiliary drainage compartments A, showing all con- 
nections. 

Auxiliary drainage compartments B, showing all con- 
nections. 
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20. 
2I. 


22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 


31. 
32. 
33 
34 
35: 


36. 
37: 
38. 
39: 


40. 


4I. 
42. 
43- 
44. 
45- 
46. 
47- 


48. 


ASSISTANTS TO THE SENIOR ENGINEER. 


Auxiliary drainage compartments C, showing all con- 
nections. 

Auxiliary drainage compartments D, showing all con- 
nections. 

All pistons and piston rings of main engines. 

Piston-rod packing. 

Main-engine steam valves. 

Hand and also steam reversing engines. 

Hand and also steam jacking gear. 

Shaft bilge pumps with all salt-water connections. 

Oil service for main engines. 

Water service for main engines. 

Steam, exhaust and water lines of main circulating 
pumps. 

Steam, exhaust and water discharge of main air pumps. 

Water end of main air pumps, including all valves. 

Steam valves of main air pumps. 

Extra feed pipes to main air pumps. 

Fresh-water pump connections to double bottom, and 
describe manner of getting rid of surplus water from 
feed tank. 

Feed tank and filter. 

Grease extractor, with all connections. 

Feed-water heater, with all connections. 

Steam valves main feed pump. 

Steam, exhaust and water piping of main feed pump. 

Steam, exhaust, drain and vapor pipes of evaporators. 

Steam, exhaust and water lines of evaporator feed pump. 

Distillers. 

All fresh and all salt-water piping of distillers. 

All fresh-water piping of the ship (two questions). 

Steam and exhaust to gun-deck fresh-water pump. 

Fresh, salt and steam lines of engine-room fresh-water 
pump. 

Steam, exhaust and all water lines of inboard Worth- 
ington pump. 








49. 


50. 
5I. 


72. 


74. 
75: 
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Steam, exhaust and all water lines of outboard Wor- 
thington pump. 

Steam, exhaust and all water lines of Blake pump. 

Steam, exhaust and all water lines of auxiliary air and 
circulating pump. 


. Steam and water lines of Hermes ejectors. 

. Steam and also water ends of Hermes ejectors. 

. Steam and exhaust lines of anchor engine. 

. Steam and exhaust lines of steering engine. 

. Steam and water piping in galley, including pumps. 

. Air, water and steam lines of ice machine. 

. Steam, exhaust and all air lines of Westinghouse air 


compressor. 
Steam, exhaust, water and all air lines to forward air 
compressor. 


. Steam, exhaust, water and all air lines to after air com- 


pressor. 


. Safety valves and their piping on all boilers. 
. Showing all openings in the shell of each boiler. 
. Hydrokineters and their connections. How is water 


circulated without them ? 


. Steam and exhaust piping of each blower. 
. Steam, exhaust and all water connections of half of the 


fireroom pumps. 


. Same for other half. 

. Steam and exhaust lines of all ash hoists. 

. Steam end of ash-hoist engines. 

. Dynamo engines, including sections of main pistons 


and of steam valves. 
Governor of dynamo engine. 


. Steam, exhaust and water piping of both the pumps in 


dynamo rooms. 
Electric lighting of all bunkers. 
Plan of coal bunkers. 
Bunker ventilation. 
Means of extinguishing fire in bunkers. 
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76. 


77: 
. Atmospheric exhaust. 


79: 
80. 
81. 


82. 
. Leslie reducing valve. 
84. 
85. 
86. 


ASSISTANTS TO THE SENIOR ENGINEER. 


Watertight doors and bunker sluice valves operated 
from the berth deck. 
Whistle and siren pipes. 


Steam and exhaust for heaters, baths, and for all pan- 
try circuits (two questions). 

Steam for main air and circulating pump through main 
steam line. 

Main stops, line stops and safety valves as operated 
from berth deck. 

Old Foster reducing valve; also the new. 


Expansion traps of all bands on board. 
Dinkle steam trap. 
Methods of filling oil tanks in engine rooms. 
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NOTES. 


THE MINOR NAVIES OF THE WORLD. 


Those fine seamen, the Scandinavians, rightly come first in 
consideration of minor navies, and their requirements in the 
shape of men-of-war are rightly and sensibly limited to ships 
destined to defence. They have at present no ship in com- 
mission larger than the Araz class, of which there are four ; 
their displacement is 3,650 tons; length, 287 feet; beam, 49} 
feet; maximum draught, 16 feet; these vessels carry two 
8.2-inch 45-caliber and six 6-inch guns, ten 3-pounders, two 
I-pounders, and two submerged torpedo tubes. The Destrighe- 
zen, of 3,500 tons, has a similar armament, except that she 
catries 6-pounders instead of 3-pounders; the Svea class, of 
three ships, are of 3,300 tons, with an armament different 
from the others, in that they carry one 8.2-inch gun less, one 
more 6-inch gun, and one more 6-pounder. The Odin, Thor 
and Mord, of 3,400 tons, and which dates from 1879, 1898, 
and 1899 respectively, concludes the list of Swedish warships 
other than torpedo craft ; their armament consists of two 10- 
inch and six 4.7-inch guns, ten 3-pounders and two 1-pound- 
ers, and one submerged torpedo tube. A cruiser—the Fylg7a, 
laid down in 1905, of 4,060 tons—is building, as also a coast- 
service battleship—Oscar J/—of 4,275 tons. The torpedo 
craft comprises five torpedo gunboats, two destroyers and 
some torpedo boats. 

The sister kingdom of Norway possesses two cruisers—the 
Norge and Ezdswold—of 3,800 tons; two—the Harold Haar- 
Jagre and Tordenskjold—of 3,400 tons; and three torpedo 
gunboats. Norway and Sweden have need for navies owing 
to the propinquity of Russia and Germany ;.and although 
their force is small, it is said to be, as might be expected, ex- 
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tremely efficient; and in the stormy and foggy waters in 
which they are called upon to operate there is no doubt that 
these few Scandinavian vessels would prove a hard nut to 
crack. 

Denmark possesses three coast-service battleships of the 
Herluf Trolle type, of 3,470 tons, carrying three 9.4-inch and 
four 6-inch guns, ten 6-pounders, four 1-pounders, five machine 
guns and five torpedo tubes:—The Sold, dating 1896, is 
2,160 tons; but the remaining craft, the Valkyrien, of 3,020 
tons, built in 1880; Zordenskjold, 2,580 tons, 1880; J/ver 
Fiitfeldt, 3,200 tons, 1886; and Helgoland, 5,370 tons, 1878, 
may be dismissed as being absolutely without fighting value 
in the present day. There are no seamen in the world for 
whom the British have had a greater respect than for those of 
the Low Countries, as Van Tromp, de Ruyter, and many a 
stout Dutchman besides caused us much trouble in the days 
of old; for was it not the Dutch who burnt British vessels in 
the Medway, and can we not today see the captured English 
flags hanging in the cathedral at Amsterdam? But the days 
when Holland could measure herself with England are gone, 
never to return ; and the old amphibious breed, sheltering be- 
hind the dikes which keep out the German Ocean, are today 
possessed with a lively fear of a foe which may come from the 
south, and not from the north, a foe which desires, above all 
things, ships, colonies and commerce, and which casts cov- 
etous eyes on the ports of Belgium and Holland. Maritime 
expansion on the large scale is not possible for either a mer- 
cantile or an imperial navy, and Rotterdam and Antwerp in 
German hands would make a nice commencement of that new 
state of affairs when Germany is to reign supreme from the 
North Sea to the Adriatic. But meanwhile Belgium is neu- 
tralized by European agreement, and the Dutch, as all the 
world knows, have before now preferred that the North Sea 
should swallow their territory sooner than that it should re- 
main in the possession of any save themselves. 

Meanwhile the navy of Queen Wilhelmina is no very for- 
midable affair, as the largest battleship, the 7Zrom/#, is but of 
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5,300 tons, carrying two 9.4-inch and four 6-inch guns, twelve 
12-pounders and four 1I-pounders and three torpedo tubes. 
There are also the Konzngin Regentes, de Ruyter and Hertog 
Hendrik, of 4,950 tons, carrying two 9.4-inch and four 6-inch 
guns; the Zvertzen, Piet Hein and Kortenaar, of 3,520 tons, 
carrying three 8.2-inch and two 6-inch guns; the Koningin 
Wilhelmina der Nederlanden, of 4,600 tons, with one 11-inch, 
one 8.2-inch and two 6.8-inch guns; and besides the six cruis- 
ers of the Holland class, of 3,950 tons, carrying two 6-inch 
40-caliber and six 4.7-inch guns. These, with some torpedo- 
boats, make up the naval strength of Holland. 

Another old antagonist of the Dutchman—the Spaniard— 
comes next on the list; but since the war with the United 
States, in 1898, very little has been done in the Peninsula to 
remedy the state of weakness to which that conflict reduced 
her: the Pelayo, of 9,950 tons, dates from 1887, and can ac- 
cordingly be hardly considered seriously in the present day ; 
the Princesa de Asturias and Cataluna, of 7,000 tons, date 
respectively from 1896 and 1Ig00, and carry two 9.4-inch and 
eight 5.5-inch guns; the Zmferador Carlos V, of 9,200 tons 
(1895), Lepanto, 4,826 tons (1892), and four small cruisers 
complete the list of Spanish naval power. 

Portugal possesses the Vasco da Gama (which dates from 
1875, but was reconstructed at Leghorn in 1902), of 2,500 
tons; the Dom Carlos J, of 4,100 tons, dating from 1898, 
carrying four 6-inch and eight 4.7 inch guns; the Raznha 
Dona Amelia, of 1,665 tons; the Adamastor, of 1,750 tons; 
and the Sao Gabriel and Sao Rafael, of 1,800 tons. There 
are, in addition, a number of gunboats, of no value whatever. 

The Turkish fleet may be mentioned ex Aassant. But it is 
to be imagined that no one—least of all the Yildiz Kiosk—is 
likely to take this as a serious force; it can only be a matter 
for wonderment why persons so shrewd as the Sultan and his 
environment should ever have wasted money in the purchase 
of ships for the purpose of allowing them to slowly molder 
into decay at the Golden Horn. 

The Greeks are the possessors of three battleships, of 5,000 
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tons—the Psara, Spetsat and Hydra. Roumania is credited 
with a cruiser—the Lizzabeth, of 1,320 tons; and Bulgaria 
with a torpedo gunboat of 715 tons. Even an alliance com- 
prising all these powers would not materially alter the bal- 
ance of power in Europe. This completes the tale of the ships 
belonging to the minor European powers ; but we have yet 
Asia and America with which to deal. In the former conti- 
nent China possesses the Haz-Chz, of 4,300 tons; the Haz- 
yung, Hat-Shew and Haz-Shen, each of 3,000 tons ; and some 
gunboats and torpedo craft. But China, although, like Japan, 
she has had in her time the services of most able British naval 
officers to help to train her fleet, has not profited by the instruc- 
tion given, and as soon as the Englishmen were withdrawn, 
the ships and crews were allowed to drift back into the state of 
hopeless incompetence which obtained before. Siam has one 
cruiser—the Maha Chakrkri—and a few gunboats. 

And now in considering the minor navies of the world 
there remains America, in which continent there are a good 
many vessels of war apart from the fleet of the United States, 
which is projected to be, as all men know, second in power 
and importance only to that of Great Britain herself. If any- 
thing has been said concerning naval matters at the Pan- 
American Congress sitting at Buenos Ayres, nothing has 
transpired ; but if there should have been any idea of adopt- 
ing the proposition of Sefior Drago, the Argentine represent- 
ative, which amounted to no less than resistance to any forcible 
attempt on the part of Europe to collect debts justly due, the 
navies of the Central and South American Republics would 
have been hardly adequate to the demands on them; but Mr. 
Root, the United States representative, could hardly be per- 
suaded to see eye to eye with Argentina, and in consequence 
the project dropped. The idea of America, North and South, 
as a self-contained continent, brooking no interference from the 
nations of Europe is, of course, no new thing, being neither 
more nor less than the Monroe doctrine, to which the ingen- 
uous and ingenious Sefior Drago would wish to add that other 
doctrine propounded by him ; but Europe, which has accepted 
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the /ex non scripia of the United States, would certainly jib 
at any extension of the principle which might easily eventuate 
in complications of a most undesirable character. Although, 
taken singly and compared with European navies, America 
presents nothing very formidable from the point of view of 
armed maritime force ; still, if we collect together the war- 
ships of Argentina, Brazil and Chile, we shall find that col- 
lectively they might prove a not unimportant addition to the 
strength of the United States in repelling any attempts to 
violate the hegemony which that Power has decreed shall 
exist on the western side of the Atlantic Ocean. Argentina 
possesses the /udependencia and Libertad, of 2,336 tons, car- 
rying two 9.4-inch and four 4.7-inch guns; Almirante Brown, 
of 4,627 tons, with ten 6-inch guns; Pusyredon and General 
Belgrano, of 7,000 tons, with two 10-inch and ten 6-inch 
guns; the Garibaldi and San Martin, of similar armaments; 
the Buenos Aires, of 4,500 tons, with two 8-inch and four 
6-inch guns; NMueve de Julio, of 3,500 tons, with four 6-inch 
and eight 4.7-inch guns; Vinte-Cinco-de-Mazo, of 3,200 tons, 
with two 8.2-inch and eight 4.7-inch guns, besides some old 
vessels and torpedo craft. The naval authorities of Argentina 
have under consideration designs and tenders from the leading 
shipbuilders for the construction of several large vessels, in- 
cluding battleships. 

Brazil has the Rzachuelo, of 5,700 tons, but as her date is 
1883, she can hardly be reckoned as an efficient warship; the 
Deodoro and Floriano, of 3,162 tons, carrying two 9.2-inch 
and four 4.7-inch guns; Barrozo, 3,450 tons, with six 6-inch 
and four 4.7-inch guns; 7Zamandare, of 4,537 tons, with ten 
6-inch and two 4.7-inch guns; also old vessels and torpedo craft. 
There was recently ordered by the Brazilian Admiralty three 
battleships, two of which are to be built by Sir W. G. Arm- 
strong, Whitworth & Co., Limited, and one by Messrs. 
Vickers Sons & Maxim, Limited, who, we understand, will 
construct the propelling machinery for all three. 

Chili has the Cafiztan Prat, 6,900 tons, with four 9.4-inch 
and eight 4.7-inch guns; O'Higgins, 8,500 tons, with four 
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8-inch and ten 6-inch guns; Zsmera/da, 7,000 tons, with two 
8-inch and sixteen 6-inch guns ; Blanco Encalada, 4,420 tons, 
with two 8-inch and ten 6-inch guns ; Chacabuco, 4,300 tons, 
with two 8-inch and ten 4.7-inch guns; Ministro Zenteno, 
3,600 tons, with eight 6-inch guns ; also old ships and torpedo 
craft. Chili, like her neighbors, aims at the strengthening of 
her fleet, and, as in the case of Argentina, has plans and 
prices of ships before a naval commission ; but the great finan- 
cial loss due to the earthquake must intensify a situation not 
very encouraging, so that the government may be. disposed 
to pause in the matter of naval expansion. Such a decision 
might influence Chili’s great rivals of Argentina, inducing 
them also to defer, on new warships, the expenditure of capi- 
tal which must be borrowed in any case. 

Belgium, Cambodia, Columbia, Costa Rica, Ecuador, Egypt, 
Hayti, Morocco, Mexico, Persia, Peru, San Domingo, San 
Salvador, Sarawak, Uruguay, Venezuela and Zanzibar are pos- 
sessed of vessels of a nominally warlike character, which fly 
the flags belonging to these States, but none of which are of 
the smallest value. There are also a certain number of mer- 
chant vessels subsidized for use in case of war; but as these 
belong to the Great Powers, they do not come within the 
scope of the present article. Although these minor navies 
exist, it would seem somewhat problematical if they will con- 
tinue to do soin the future; more and more, as time goes on, 
does the power of the purse assert itself in maritime affairs ; 
at sea as well as on shore the wholesale man seems destined 
to oust or to gobble up the retail dealer; the small man in 
any walk of life at the present time seems in danger of abso- 
lute extinction, and, as with commerce, so it is with arma- 
ments. Powers like Spain, Holland, Brazil or Chili may own 
men-of-war which are comparatively modern, and conse- 
quently useful; but as time goes on the life of warships 
seems to shorten more and more, and the constructive marvel 
of a decade ago is hopelessly dec/assé today. Estimates for 
new construction have to be faced by the Great Powers in 
that struggle for existence which is leading them no man 
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knows whither; but so great is the burden, so appallingly 
does expense mount up nowadays in the building of even 
moderate-sized cruisers, that it is very doubtful if the minor 
Powers will be able to face the taxation necessary for the up- 
keep of their fleets. It may be that national pride will nerve 
them for the making of the sacrifice ; but even if made, it is 
hard to see of what value it will be when it is remembered 
that the struggle is unceasing and year by year more costly; 
the common sense of the matter would appear to be that, as 
that nation is said to be happy which has no history, it would 
be better to give up attempting to make it by futile expendi- 
ture upon naval armaments. 


ARMOR PLATE CHEAPER IN THIS COUNTRY. 


The engineering supplement of the “London Times” esti- 
mates that England is paying for armor about $150 per ton— 
roughly forty per cent.—more than is being paid in the 
United States for armor of equal quality. Ona Azmg Edward 
type of vessel this involves an increased expenditure of from 
$500,000 to $600,000. According to the British Navy Esti- 
mates, England is to spend about one and one-half million 
pounds for the current financial year on armor for ships now 
building. The use of Krupp’s patents, on the foregoing 
scale, probably involves a payment of over $375,000 in royal- 
ties, the “ Times” believes, basing its figures on the recent 
bids for armor in this country, where the bids of the Carnegie 
and Bethlehem companies included a royalty of $25 per ton 
for the use of Krupp’s patents. In England five first-class 
firms undertake the manufacture of armor, and their united 
output is said to be equal to the production of 40,000 to 50,- 
ooo tons of armor per annum, which far exceeds present de- 
mands. Whether or not a trust exists is disputed, but prices 
are kept at a high standard, and practical uniformity of quo- 
tation exists among the five firms. A point has been reached, 
says the “ Times,” where British armor-plate makers ought 
to imitate American competitors, and lower their prices. 
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OIL ENGINES FOR MARINE PURPOSES. 

In view of what is being done in connection with the pro- 
pulsion of vessels by producer gas and petrol engines, it may 
be of some interest to note generally the uses to which the 
Diesel oil engine has been put in this field. The producer- 
gas engine consumes about a pound of anthracite or coke for 
each effective horsepower, while the Diesel engine needs only 
6.3 ounces of oil per effective horsepower. With regard to 
cost of fuel, therefore, the use of oil is cheaper unless the 
price reaches something like two-and-a-half times that of an- 
thracite or coke. It is claimed, moreover, that in addition to 
being able to do without cumbersome boilers or even gas pro- 
ducers, the use of oil engines, owing to their smaller con- 
sumption of oil, allows of a greatly increased range of action 
over either gas or steam-driven vessels for the same weight of 
fuel. This is estimated at 2} times the distance run by a 
vessel fitted with producer-gas engines, and from four to five 
times the range of a steamship. The main trouble in the ap- 
plication of oil engines to moderate-sized vessels arises from 
the fact that the engines are non-reversible, and this being 
so, any arrangements devised to overcome this disadvantage 
are worthy of special attention at the present time. ee 

One of the most interesting features of the Marine Section 
at the Milan Exhibition is the four-cylinder, two-cycle, 100- 
brake-horsepower reversible Sulzer-Diesel marine engine, 
built by Messrs. Sulzer Brothers, of Winterthur. The engine 
weighs 5 tons, and its outside dimensions are: Length, 7 feet 
6 inches; width, 3 feet 6 inches; and height, 5 feet. The 
inlet is governed by valves, and the exhaust is through ports 
cut in the cylinders. The explosive-mixture supply is gov- 
erned by a piston pump, which is worked direct by the dis- 
tribution shaft ; the stroke can be regulated at will, or reduced 
to o, while the engine is running. ~The pistons are plunger 
pistons, similar to those of ordinary explosion motors. ‘The 
working is similar to that of the usual Diesel engine type, 
with the exception that an explosion takes place at every two 
strokes instead of at every four. After ignition and the cor- 
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responding explosion, the waste gases are scavenged through 
the exhaust ports. On the upward stroke of the piston, the 
contents of the cylinder are compressed to so high a degree 
that the explosive mixture, introduced almost at the instant 
when the piston reaches the upper dead point, ignites imme- 
diately on its entrance into the cylinder. This occurs at each 
revolution. For reversing the engine, the explosive-mixture 
supply is stopped, the engine is brought to a standstill, and is 
started in the opposite direction with the aid of a special re- 
starting device. At Milan this takes three to four seconds. 
The distribution shaft is driven by a worm-wheel gearing 
from the crank shaft, and works the valves by cams. Of the 
two pumps connected with the engine, one supplies the 
scavenging air, and the other that for the mixture. One is 
driven by a rocking shaft, and the other direct from the 
crank shaft. 

Another method of overcoming the difficulty of reversing 
is that of designing the propelling machinery as a combina- 
tion oil-electric set. The Société Nobel Fréres, of St. Peters- 
burg, put in service, in 1903, the vessel Vandare, in which 
this form of propulsion is employed. ‘This vessel is an oil- 
tank ship of 1,100 tons displacement, and is used in the oil 
trade on the Volga and the Caspian Sea. The machinery 
consists of three sets of three-cylinder Diesel engines of 120 
effective horsepower each, working at 240 revolutions per 
minute. Each engine drives a direct-coupled 87-kilowatt dy- 
namo working at 500 volts. This part of the plant is placed 
amidships, and the current is led by cables to three 75-kilo- 
watt motors situated further aft, each motor driving a pro- 
peller shaft. The regulation of speed is performed for each 
group by working off the exciter current, furnished by a 
small exciting dynamo driven by the main dynamo shaft. 
By this means rheostats are rendered unnecessary. 

This system was found to be easy of control, and the ves- 
sel maneuvered satisfactorily ; but in view of the losses by an 
arrangement of this kind, which may amount to as much as 
15 or 20 per cent., an improved system was designed by Mr. 
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C. Del Proporto, and has been installed in a boat working on 
the Lake of Geneva, and also by Messrs. Nobel Brothers, of 
St. Petersburg, on the Sarmaz, an oil-tank ship similar to the 
Vandale. In this system the oil engine is placed further aft, 
and direct coupled to a dynamo of about half the rated power 
of the oil engine. A motor, of power equivalent to that of 
the dynamo, is placed at the end of the propeller shaft. Be- 
tween the dynamo and the motor is an electro-magnetic clutch, 
the oil engine and dynamo shaft being in alignment with the 
propeller shaft. The dynamo and motor are also coupled up 
for electric working. The action is as follows: In starting 
or in maneuvering the clutch is cut out. Under these circum- 
stances the oil engine drives the dynamo which generates 
power for the driving of the motor on the propeller shaft. In 
continuous running the motor and propellers are allowed to 
attain approximately the same speed as that of the oil engine 
and dynamo, and as soon as this point is reached the two ma- 
chines are coupled together by means of the electro-magnetic 
clutch, and the electric transmission is cut out. By this 
means the losses due to the electric machines are done away 
with and the armatures practically become flywheels. <A 
small exciting dynamo is driven by the main-engine shaft. 
In the Sarmat two propellers are provided, each worked by a 
set of four-cylindered 180 effective horsepower oil engines. 
The direct-coupled dynamos are of 125 kilowatts capacity, 
working at 220 volts. The speed is 7.4 knots in the case of 
the Vandale, while the Sarmat attained a speed of 8.1 knots. 

This second system certainly appears to have many advan- 
tages over the first, even apart from the reduction of weight 
and less liability to breakdown. Since the electric portion of 
the plant is used for only short intervals, it is possible to over- 
load the dynamo for this space of time without much harm. 
The machines can therefore be much reduced in size as com- 
pared with those of the system used in the Vandale. The 
losses are much less in the second system, while if the electric 
part of the installation gets out of order, it is only necessary 
to couple the clutch by some mechanical means, and drive 
the screw direct. ‘The power obtainable can be increased by 
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arranging sets in tandem, when, if one breaks down, the screw 
can still be driven by the electric motor deriving power from 
either generator set. It is anticipated that little trouble will 
be found in the installation of some large-powered sets, at 
least up to 7,000 effective horsepower, while the system can 
be used for any sets developing over 30 or 40 effective horse- 
power—the limit for reversible propellers or gears. Three 
Diesel motors of 300 effective horsepower have been built for 
submarines in the French Navy; and even with engines of 
this size, by means of suitable grouping, combined plants of 
considerable power may be obtained. The storage of oil on 
board ships is much easier, of course, than that of coal, and 
while coal must be handled, oil can be pumped from tanks 
placed anywhere in the vessel. Such advantages as these, to- 
gether with the increase in the useful range for the same 
weight of fuel, are strong recommendations.—“ Engineering.” 


DEVELOPMENT OF THE MARINE STEAM TURBINE.* 


By THE Hon. C. A. PARSONS AND R. J. WALKER. 


During the last few years the steam turbine has formed the 
subject of many papers read before various leading institutions, 
and its different applications have often been referredto. It 
is hardly within the scope of this paper to deal in detail with 
the earlier experiments and trials which have led up to the 
present satisfactory position of the turbine. The following 
table shows the advance made in sizes and economy in steam 
consumption in turbines applied for electrical purposes : 








| Steam per | Steam Pres- 
Date. | Capacity. kilowatt- | Vacuum. | Superheat. | sure per 
hour. square inch. 
| kilowatts. lbs. ins. degs. F. bs. 
1887 | 75 50 ae was 120 
1892 | 100 27 27 50 ii 
1898 1,250 18.81 28 180 130 
I90Or_ | 1,000 17.30 27 198 150 
1902 | 3,000 14.74 27 235 138 
1904 4,000 | 15.40 28.7 150 200 





*Abstract of paper read at a meeting of the Institute of Marine Engineers at the Engineering and 
Machinery Exhibition on September 2g. 
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Superheating of the steam has been adopted in the case of 
land turbines, and it has been found by experiments that for 
every 10 degrees Fahrenheit of superheat the steam consump- 
tion is reduced by about 1 percent. Fig. 1, based upon a 
large number of tests, shows the steam consumption of dif- 
ferent sized plants per kilowatt hour without superheating, and 
from this it will be noted that the efficiency increases steadi- 
ly as the size grows larger. 


STEAM CONSUMPTION OF TURBINES. 
Fi sme PRESSURE 150 LAS. $@. INCH, VACUUM ar 
1g. J) FULL LOAD 27 INCHES, AT HALF LOAD 27% INCHES, 
ja AT QUARTER LOAO 28 INCHES, BAROMETER 30 INCHES 
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(96.4) Nominal Power of Machine Hilowatts. 


Turbine engines are also used for generating electrical cur- 
rent for the transmission of power, the working of electric 
tramways, railways, pumping, mining and similar purposes. 
They are also used coupled direct to fans for producing forced 
and induced draft for general ventilating purposes; for driv- 
ing centrifugal and screw pumps, and also for the more im- 
portant work of driving blowers for supplying air under pres- 
sure for blast-furnace and other purposes. Land turbines have 
been very largely adopted in the past few years for the generat- 
ing of electricity, as indicated by the fact that these machines 
are running in the power stations of some forty corporations 
and of twenty-five public electric supply companies. One of 
the largest power stations in England, now approaching com- 
pletion, contains two units of 3,000 horsepower and six units 
of 6,000 horsepower each. The total horsepower of land tur- 
bines of the Parsons type delivered and on order, including 
turbines at work and under construction by licensees on the 
Continent and in the United States at the present time, is 
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nearly 2,000,000 horsepower. The installations now on order 
include units of upwards of 10,000 horsepower. 

The application of the steam turbine to the propulsion of 
ships has attracted a great deal of attention in the shipbuilding 
world within the last few ‘years. It was not until the year 
1894 that the idea of propelling a vessel by means of a steam- 
turbine was put into practical form. The 7urdznia, as is now 
generally known, was the first vessel to be fitted with turbine 
engines, and between the years 1894 and 1898 many experi- 
ments were made with the Zurdznza, necessitating radical 
changes in the design and arrangement of the machinery. 
The first engine which was tried was of the radial-flow type, 
giving about 1,500 horsepower toa single screw. The results, 
however, were far from satisfactory, a speed of only 18 knots 
being obtained. Several different propellers were tested with 
this engine, and the results, compared with the power regis- 
tered by a dynamometer, showed in every case a very low 
propeller efficiency. The original turbine engine was removed, 
and the engines finally adopted consisted of three turbines in 
series—high-pressure, intermediate-pressure and low-pressure 
—each driving a separate shaft, with three propellers on each 
shaft. A reversing turbine was coupled, with the low-pressure 
turbine, to the central shaft. Very exhaustive trials were car- 
ried out by Professor Ewing in 1897. Following the success 
of the Zurbinza, the torpedo-boat destroyers Viper and Cobra 
were built and fitted with turbine machinery for the Royal 
Navy. They achieved remarkable speeds, the Viper taking 
the position of the fastest vessel in the world, with the phenome- 
nal speed of 36.86 knots. Unfortunately, however, the Viper 
ran on the rocks of the Channel Islands in a fog, and ultimately 
became a total wreck. The Codra foundered in a storm. 
Thus, after two or three years of hard work, the 7urdinia was 
the only vessel afloat with turbine engines. 

The marine turbine was first adopted for commercial pur- 
poses in the summer of r1gor, in the Clyde steamer Azug 
Edward, built to the order of Captain Williamson, who in the 
following year ordered a second turbine steamer—the Queex 
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Alexandra. Other vessels quickly followed these steamers, 
until there are at the present time thirty-one turbine vessels 
in service for commercial purposes, representing a total of 


TABLE I.—PARTICULARS OF STEAMERS ILLUSTRATING THE DEVELOPMENT 
OF THE MARINE TURBINE. 


hg a ae 
| & | @ = 
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ft. 
King Edward) Turbine Steamers, Ltd. (25030173 562) 3,500) Igor 
The Queen......| S.E. and Chatham 310X 40X25 | 1,676) 7,500) 1903 
Railway Co., Ltd. 4 
Virginian and| Messrs. J. and A. Allan, [5206041 | 10,754) 12,000) 1904 


Victorian Ltd. 19,524/21,000} 1905 
Carmania.......; Cunard Steamship Co., Ltd./678< 72 52 
Lusitania and| Ditto 735 < 88> 604) About| 70,000) Now 

Mauretania 33,000 | build- 


| ing. 
about 105,000 gross tonnage and 235,000 indicated horsepower. 
Table I will, perhaps, best represent the various steps in the 
adoption of the turbine engine for commercial purposes. 

As regards war vessels, the destroyers Velox and Eden were 
the next vessels following the fer to be built for the British 
Admiralty. These two vessels were fitted with additional en- 
gines for obtaining economical results when cruising at low 
speeds. 

The next vessel to be fitted with turbines for the British 
Admiralty was His Majesty’s third-class cruiser Amethyst. 
This vessel was also fitted with cruising turbines, and the re- 
sults of the trials, when compared with those of sister vessels 
ordered at the same time as the Amethyst, and of the same 
dimensions and lines, but fitted with reciprocating engines, 
demonstrated the economy of the Parsons marine turbine as 
fitted in this class of vessel, more especially at the higher 
powers. His Majesty’s battleship Dreadnought is one of the 
latest war vessels to be fitted with turbine engines. 

By the courtesy of M. Pierrard, of the Belgian Government, 
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Table II.—PERFORMANCE OF TURBINE AND PADDLE STEAMERS ON 
DOVER-OSTEND SERVICE. 
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Length between perpendiculars, meters..| 104.85 | 103.70 | 103.70 | 103.70 


I, IR iia eieescsccbnniimaveseionns | 12,192) 11.58 11.58 | 11.58 
Mean draught, meters...............0.ssseseee | 262) S28) 20) sae 
Displacement in metric tons................. | 2,005 | 1853 1847 | 1829 
a Te ES 1,747 Tx\1,474 Tx\1,450 Tx|1,375 Tx 
Se irene sertckcccetevtsonscese-tsesnes | Tur- Com- | Com, | Com- 

| bines | pound | pound — 
Sneed on. trial, kmotls.......<. ..cccsscccsescsee | 24 22.187} 22.2 | 
Date of CONSEFUCHHOM...esssseereveeerenee| 1905 1896 1893, | itn 





In the year 1905 the mean consumption of coal per single trip, and the 
mean time per trip from Ostend to Dover, and vice versa, of the four pre- 
ceding vessels were as follows :— 
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Total number of trips................0000+: cot oe ae 78 232 
Mean duration of trip, minutes............. 187 217 212 227 
Consumption per trip, m. tons.............. 23.01 24.05 | 23.82 24.30 


For the six first months of the year 1906 the corresponding results were 
the following :— 
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Turbine Mean results, 
boat. paddle steamers. 
Total ter OF CI. asics sccccescescccescovceness 216 1070 
Mean duration of trip............:cccecceseseeeseeeee 185MM. QS. 215m. 45. 


Consumption per trip, m. toms........... 2.00006 24.06 24 
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particulars are just to hand of the first season’s running of the 
turbine steamer Princesse Elisabeth on the Ostend and Dover 
service, and are given in Table II along with the particulars 
of similar vessels on the same service, but fitted with paddle 
engines. 

From this table it will be seen that the turbine boat does. 
the passage in about 15 per cent. less time than the paddle 
steamers on the same coal consumption. Reducing the tur. 
bine boat to the displacement and speed of the paddle boats, 
and assuming that the indicated horsepower would vary as the 
cube of the speed, the mean consumption of the Princesse 
Elisabeth would be about 17 tons, as against 24 tons in the 
paddle boats, showing a saving of over 25 per cent. 

The following mercantile turbine-driven vessels have been 
completed for service this year: The pleasure and mail 
steamer Rewa, for the British India Steam Navigation Com- 
pany, Limited, of 455 feet by 56 feet, and 16} knots speed’; 
the new Clyde passenger steamer Duchess of Argyll, for the 
Caledonian Steam Packet Company, of 250 feet by 30 feet, 
and 20 knots speed; the Thames passenger steamer A7ng- 
jisher, for the General Steam Navigation Company, of 275 
feet by 32 feet, and 20 knots speed; the three cross-Channel 
steamers for the Great Western Railway Company’s new route, 
Fishgard to Rosslare—viz: St. David, St. Patrick and St. 
George, of 350 feet by 41 feet by 13 feet 6 inches, and 22} 
knots speed ; the cross-Channel steamer lzfer, for Messrs. G. 
and J. Burns, of 315 feet by 39 feet 6 inches by 12 feet, and 
21? knots speed; and another Clyde passenger steamer, the 
Atlanta, for the Glasgow and South-Western Railway Com- 
pany, of 210 feet by 27 feet by 10 feet 6 inches, and 17} knots. 
speed. In addition to the above the two Great Central Rail- 
way Company’s steamers are nearing completion, and will, it 
is anticipated, be put on service this year, and the yacht Mah- 
roussa, which has been re-engined by Messrs. A. and J. Inglis, 
has run her trials, when a speed of 173 knots was attained. 

In addition to the large number of war vessels that are now 
being built and fitted with turbine machinery by eight of the 
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Parsons Marine Company’s licensees, and also in addition to 
the two express Cunarders by Messrs. J. Brown & Co., and 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
and the Wallsend Slipway and Engineering Company, the 
following mercantile orders are in hand: Two large ocean- 
going liners by the Fairfield Shipbuilding and Engineering 
Company ; two cross-Channel steamers for the South-Eastern 
and Chatham Railway, similar to the Onward and J/nvicta ; 
and a further steamer for the Union Steamship Company, of 
New Zealand, by Messrs. Denny; two large sets of turbine 
engines for shipment to Japan by the Turbine Company, of 
Wallsend ; and the Royal yacht, building by Messrs. Inglis, 
the turbine engines for which are being manufactured at the 
Turbinia Works, Wallsend ; representing for work in hand a 
total indicated horsepower of about 590,000. 

The arrangement of turbines which has been almost uni- 
versally adopted in the mercantile marine is that of dividing 
the power equally over three shafts, viz: a high-pressure tur- 
bine on the center shaft, exhausting into two low-pressure 
turbines, one on each side. Figs. 2 to 4 show a three-shaft 
arrangement of machinery. In such a case the high-pressure 
turbine is made suitable for an expansion ratio of about 5, 
and the low-pressure for 25. 

In torpedo boats a similar arrangement is adopted as in the 
Turbinia, viz: three ahead turbines in series (Fig. 5), with 
one astern turbine on the center shaft only. This arrange- 
ment permits of a reduction in weight, with equal efficiency, 
as compared with the high-pressure and two low-pressure tur- 
bines in parallel. 

In very large installations it is desirable to divide the power 
over four shafts (Fig. 6), whereby the revolutions may be in- 
creased, and the size of the units reduced. The four-shaft 
arrangement lends itself well to large war vessels, as two com- 
plete sets of engines are obtained, viz: one high-pressure and 
one low-pressure, with condensing plant in each engine room. 
A two-shaft arrangement was adopted in the yacht MVarczssus, 
which gave very good results; but for powers over 2,500 or 
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Although more light might yet be thrown on the question 
of high-speed propeller efficiency, a considerable amount of 








3,000 indicated horsepower a two-shaft arrangement entails 
additional weight. 
experience has now been obtained with turbine-driven pro- 


pellers, which enables a close estimate to be made as to the 
efficiency which may be expected in a given design where 
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With a view of maintaining a high 


and because of the importance of a high vacuum with 
vacuum, a new apparatus, known as the “vacuum aug- 


the steam turbine, careful consideration requires to be given 





reliable data as to the horsepower necessary for the proposal 

On account of the greater range of expansion dealt with in 
the turbine, as compared with the reciprocating engine, a good 
vacuum is much more essential in the former than in the 
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mentor,” has been introduced to assist the ordinary air pump 
and condenser. The augmentor consists of a small steam jet 
placed in a contracted portion of a pipe, led from the bottom 
of the condenser. The jet draws air from the condenser and 
delivers it to the air pump through a small auxiliary cooler. 
By this means the air is reduced to a negligible quantity. 
The vacuum augmentor has now been fitted in several vessels 
with very good results. As an illustration of the importance 
of high vacuum, Fig. 7 shows the energy of steam that can 
be utilized in a steam turbine as compared with a recipro- 
cating engine. 

Another point which has often been referred to in connec- 
tion with turbine machinery is the question of boiler pressure. 
The effect of difference of boiler pressure between 150 pounds 
and 200 pounds is relatively smaller with turbines than with 
reciprocating engines, and it is very questionable, in the ma- 
jority of cases, whether the saving in coal by the adoption of 
high boiler pressure would justify the increase. More espe- 
cially is this the case in moderate-speed vessels, in which, to 
obtain reasonable propeller efficiency, a certain diameter of 
propeller is necessary, and the revolutions to correspond are 
moderately low. It is necessary to obtain a certain surface 
speed of turbine, as well as a certain number of rows of tur- 
bine blades, to obtain reasonable economy. ‘The diameter of 
the turbine, therefore, becomes greater in proportion to the 
power, and the blade heights in the annulus between the drum 
and the casing are relatively shorter; this gives a relatively 
greater clearance loss. The clearance area is practically con- 
stant for a given diameter, so that with higher pressures and 
denser steam the loss through clearance space will be greater. 

Another point which has been greatly discussed in connec- 
tion with turbine machinery is the question of the method of 
measuring the horsepower developed by the turbine engines. 
As is now more or less generally known, it is not possible to 
indicate the power of the turbine as in the ordinary method 
of the indicator diagram of reciprocating engines; and in the 
absence of any such method, it is found most convenient to 
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take the estimated indicated horsepower as the equivalent 
indicated horsepower which would be required with recipro- 
cating engines for the particular class of vessel proposed. 
Messrs. W. Denny & Brothers have recently introduced a 
new dynamometer, or torsion meter, for obtaining the power 
transmitted by the shaft, the readings being obtained by the 
torsional deflection of a given calibrated length of the main 
shafting. This instrument has been used on several vessels, 
and appears to give very reliable results ; and where facilities 
are at hand for obtaining the effective horsepower by means 
of tank experiments, the shaft horsepower, together with the 
effective horsepower, forms a very good basis for estimating 
propeller efficiency. 

Other advantages incidental to the turbine might be cited, 
such as reduced weight of machinery, steadiness and smooth- 
ness of running, reduction in oil and stores, absence of racing 
in a seaway, &c., which have brought the turbine to a com- 
mercial success. 

The development of the marine turbine has taken place 
almost entirely in Great Britain. A few war vessels have 
been fitted in France and Germany. The reason that the 
Parsons marine turbine has made so little progress on the 
Continent in the past is probably due to the fact that in 
France and Germany rival turbine systems of local origin 
have been energetically exploited, inducing those responsible 
for the ordering of new vessels to defer the adoption of a new 
system until the claimants have results to show. 

The Parsons turbine was introduced on the Continent in 
the small French torpedo boat Mo. 293. This boat, ordered 
by the French Navy, as an experiment, in the year 1903, has 
been in continual service for over two years without any 
breakdown or repair, and continues to give in practice the 
results obtained on trial. Naturally, so small a boat hardly 
demonstrates the results which might be expected from larger 
installations. The above-mentioned experimental torpedo 
boat is 130 feet by 14 feet beam and 95 tons displacement. 
She attained a speed of 26.2 knots. The arrangement of ma- 
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chinery is similar to that in the 7urdznza, viz: three turbines 
in series. In France a mail and passenger boat is being built 
for the Marseilles and Algiers service of the Compagnie Gen- 
erale Transatlantique. She is 378 feet by 43 feet, and is 
designed for a service speed of 20 knots. In the United States 
five passenger vessels are being built, and a scout cruiser of 
24 knots speed for the United States Government, to be fitted 
with Parsons turbines. 

Parsons turbines fitted to vessels in this country represent 
a total horsepower actually completed of about 280,000 in- 
dicated horsepower. The total horsepower of marine turbine 
engines completed and on order with the Parsons Marine 
Company and their licensees is over 870,000 indicated horse- 
power.—“ Engineering.” 





NEW TYPE OF TORPEDO BOAT. 

The British and French navies are now experimenting with 
a new style of torpedo boat which promises to make torpedo 
warfare more menacing than ever before. This is nothing 
more than a torpedo launch, which may be carried in large 
numbers on the deck of a battleship, armored cruiser or trans- 
port, and loosed when the enemy is in sight. The boats run 
in size from a small ship’s launch up to a 60-foot motor boat. 
The maximum cruising radius is 300 miles. 

It is probable that several specimens of this style of torpedo 
craft will be brought to the Jamestown Exposition and placed 
on view alongside the larger styles of war vessels. These 
little craft, which are nothing more than unusually high- 
powered motor boats equipped with a torpedo tube and able 
to live in a heavy sea, are the work of the Yarrow shipbuild- 
ing plant at Poplar, England. Their latest effort in this line 
is what they call a second-class torpedo boat. It is 60 feet 
9 inches in length. On trial it made 26.15 knots per hour. 
This is a tremendous speed for so small a boat and speaks 
volumes for the skill of the builders. There are five sets of 
engines operating on three shafts. These engines were built 
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by Messrs. Napier from designs furnished by Mr. M. Napier. 
The propelling engines are located in a small cockpit in the 
center of the boat. The tank, carrying a ton of petrol, is 
located on the stern of the boat above the half deck, so that 
in case of leakage the petroleum will drain into the water 
instead of into the boat. Above this is a torpedo tube which 
may be fired over either side of the stern. 

The advocates of this boat claim that inasmuch as it can 
be built for one-fifteenth of the cost of a destroyer, it isa good 
sea boat and has but little machinery to get out of order, it 
offers many advantages that larger craft do not. The moral 
effect of a large number of these vessels would, it is believed, 
be far greater on a blockading squadron than a smaller num- 
ber of the larger boats. The vessel weighs but eight tons 
with engines and full equipment. They can therefore be 
easily carried on the deck of a ship. 

The French naval authorities are experimenting with sim- 
ilar styles of torpedo craft. 





GERMAN NAVY. 


The attention which has for some time past been focussed 
on the German Navy, will be largely increased early next year 
by the further reorganization of the fleet under Prince Henry 
of Prussia, and the organization of active battle squadrons 
cruising in the North Sea and the Baltic. The striking force 
of the German Navy will comprise sixteen battleships and 
three armored cruisers, to be increased within twelve months 
or so to twenty-three armored ships. The “Daily Tele- 
graph’s” naval correspondent points out that no other navy 
—except that of Great Britain—has shown such a vast 
increase in its fighting strength immediately ready for war. 
The displacement of the home battle fleet continuously at sea 
has quadrupled since the beginning of the century, while the 
personnel, always under war training in the battle fleet, will 
be also four times as great as it was. At the same time it 
must be borne in mind that at present the Germans keep in 
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commission a number of battleships which cannot be regarded 
as first-class, side by side with the vessels of the British Fleet, 
such as the Dreadnought, of 17,900 tons, the Lord Nelson 
and Agamemnon, of 16,500 tons each, the eight ships of the 
King Edward VIT class, each of 16,350 tons, men-of-war of 
tremendous fighting power. 

The constitution of the fleet according to this authority 
will be as follows: sixteen battleships and three armored 
cruisers, organized in homogeneous classes, thus : 


FIRST SQUADRON. 


Completed Displacement 


for sea. (tons). Main guns. 
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In addition, the fleet will include seven small cruisers, two 
torpedo craft, as despatch boats; two torpedo flotillas for 
instruction ; two torpedo flotillas for maneuvers ; and one tor- 
pedo flotilla in reserve. The battle fleet in reserve will 
include two obsolescent battleships—Worth and Weitssen- 
burg—and two coast-defence ships.—“‘ Page’s Weekly.” 
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1246 NOTES. 
GAS AND OIL-ENGINE ACCIDENTS. 


The rate of breakdown among gas engines in 1905 was 
slightly lower than in 1904, and decidedly lower than the rate 
among steam engines; but the statement must be qualified 
by observing that the gas engines insured are for the most 
part small ones, which, in the present state of gas-engine de- 
sign and construction, are more reliable than those of larger 
power. If the comparison were made with small steam en- 
gines only, it would probably be found that the inequality 
had disappeared or even turned in favor of the latter. Asa 
very large proportion, probably something like 75 per cent. 
of the gas engines insured, have only two bearings, the figures 
show that the third bearing plays no small part in the destruc- 
tion of the gas-engine shaft. The same remark may be made 
with regard to single flywheels. The principal resistance to 
the motion of the gas-engine piston is due to the inertia of 
the flywheel, and consequently the stress on the shaft is due 
principally to the flywheel ; if, therefore, the necessary weight 
be divided equally between two flywheels, one on each side of 
the crank, the intensity of the stress upon the shaft is halved. 
The flywheels of gas engines should be very carefully bal- 
anced, especially if they are overhung, otherwise their oscil- 
lations may bring heavy stresses upon the crank pins. It 
may be noted that the crank pins which broke belonged to 
engines with two overhung flywheels. 

One or two examples of breakdown are given below. Hor- 
izontal gas engine, with cylinder 10 inches diameter by 19 
inches stroke, running at 190 revolutions per minute, with 
producer gas from asuction plant. When attempting to start 
the engine one Monday morning the cast-iron lever for work- 
ing the air-admission valve broke near the fulcrum. ‘There 
was no doubt about the cause. The valve was stuck fast by 
rust produced by moisture or by tar, or both, deposited from 
the gas during the previous week. Tar is often a serious 
cause of trouble with gas engines, not only necessitating over- 
time for taking out the valves and cleaning them, but some- 
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times leading to racing by keeping the gas valve open, and 
thus liberating the engine from the control of the governor. 


FAILURE OF CONNECTING-ROD BOLTS. 


Horizontal gas engine, four years old, with cylinder 12 
inches diameter by 22 inches stroke, running at 220 revolu- 
tions per minute, with town gas. One afternoon the engine 
suddenly broke down. ‘The cylinder, bedplate, piston, cylin- 
der jacket and flywheel were all broken, and the connecting 
rod bent. The accident was due to the failure of the bolts in 
the big end of the connecting rod. This was of the marine 
type, the cap being secured by two 1-inch bolts. One of these 
had evidently been partly fractured for some time, and it no 
doubt gave way first. 

Horizontal gas engine, with cylinder 14 inches diameter by 
21 inches stroke, running at 200 revolutions per minute, the 
bolts in the big end of the connecting rod gave way and the 
engine was completely wrecked, except the crank shaft and 
flywheel. In this case the bolts were 14 inches diameter. 


TYPICAL BREAKDOWNS. 


These two cases are typical of many others, and support 
the opinion so often expressed by the company, that the bolts 
in the connecting rods of gas engines are, speaking generally, 
too weak. It is said that these bolts have nothing to do, as 
the connecting rods of gas engines are always in compression. 
This is not the case. During the charging stroke the bolts 
have to pull the piston forward, and the pull required to do 
this is not entirely negligible. Assuming the weight of the 
moving parts as equal to a pressure of 3} pounds per square 
inch of piston area, which is a fair average for an engine of 
the sizes described, the forces required to impart their veloci- 
ties to the pistons in the two cases must have been 6,000 
pounds and 6,400 pounds, and the stresses on the bolts at the 
bottoms of the threads 5,100 pounds and 4,570 pounds per 
square inch respectively. When it is remembered that these 
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bolts are subject to shock whenever the brasses are at all slack, 
and also in many cases to bending stresses, and that over and 
above these, which may be called the ordinary working 
stresses, there are the possibilities of pistons seizing, it seems 
clear that stronger bolts than are usually fitted are required, 
or that the marine end should be discarded in favor of one of 
the systems adopted by locomotive engineers. 


DIESEL OIL ENGINE. 


Diesel oil engine, rated at 240 B.H.P., with three cylinders, 
16.34 inches diameter by 23.6 inches stroke, running at 160 
revolutions per minute, the power being transmitted by a rope 
drum carried on an extension of crank shaft. 

After working a little more than a year, the shaft broke 
through one of the webs of the crank at the end furthest from 
the flywheel and rope drum. The breakage was at first 
attributed to the bearings having got out of level through set- 
tlement of the foundation, but on testing with a line and 
straight edge the alignment was found to be correct. Nor 
could the breakage be ascribed to excessive stress, for the crank, 
being the furthest from the flywheel, transmitted the power 
generated in one cylinder only. 


TESTS OF SHAFT STEEL. 


In the absence, then, of any other reasonable explanation 
of the breakdown it became necessary to ascertain the quality 
of the steel of which the shaft was made. 

For this purpose test pieces were cut from the broken web 
in the vicinity of the break. Tensile tests and analyses were 
made at the Manchester Municipal School of Technology ; 
endurance, testsat the Engineering Laboratory at Owens Col- 
lege ; impact tests at Messrs. Willans and Robinson’s works. ° 

The tensile test pieces were made in accordance with the 
requirements of the Engineering Standards Committee, with 
a gauge length of 3 inches. 

The tests gave the following results :— 
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y a OE GU iis cetiiniiddinda Dias inet iebisigetcateiantinkasdacceaseoens 807 808 
d FscSthed: Gate TNO sis cvscn sen siccntadncabtsntehtgpabiheneinciaedes 00.798 07.98 
a GE, NRE SIE Sc oikss gisbinitn cnevennabosensanaemnbiabnats 00.5 00.5 
Proportional limit, tons per square inch............s.cseesseesesene 10.00 II.00 ° 
Yield point, tons per square inch...........cscccccocssesesccsescesesssee 14.00 15.00 
i. Maximum load, tons per square inch...........sscsesesseeeeeeerseees 32.88 32.66 
Hlon gation in: 3 INCHES, POF CHNt......cccconcssscscossacedsaccesseceses 19.3 22.3 
TRBSCRAON TBO, TE NIE nics cnr niisic ccvaconsepsetetinpinniiodennes 20.4 25.6 
Fracture: ..... No. 807, Crystalline with dull patch near one side. 
No. 808, Silky for the most part slightly crystalline in center. 
Two test pieces for the endurance tests were cut to the 
‘ standard size used in the Owens College machine. Each piece 
) was nominally 0.25 inch diameter and inch long. They were 


. subjected to reversal of torsional stress at the rate of about 
2,200 reversals per minute. 

The results are given in the first two columns in the table 
below. The figures in the third column were obtained from 
a specimen belonging to the College, and are supposed to show 
what a fair sample of mild steel should stand. 


WE oa sic wis cuvaes = -yasyenncecunstsegneonstconiavatababaias I 2 3 

TestGheet GimwOOOS, SCT ois ces csescencscsccsssavesgsinces OS 0.249 0.249 
SUSR, SAGRTES INCHES: ...0.000. sccccccvvesconsons -sices 0.0491 0.0487 0.0487 

Maximum positive stress, tons per square inch... 8,25 8.33 8.33 

negative stress, tons per squareinch.. 7.65 7.73 7.73 

Range OF GEOG... ccs os-sossnevsocosess cbncceseosacaseveses 15.90 16.06 16.06 
Number of reversals per minute..............ccesceeee 2,195 2,220 2,195 
before rupture.............0000 10,300 13,900 16,806 


DEFECTIVE CHARACTER OF FOREIGN-MADE STEEL. 


Three pieces, 2 inches long by # inch wide by ;; inch thick, 
broken in Messrs. Willans & Robinson’s impact-testing ma- 
chine, each absorbed only 2.5 foot-pounds, instead of from 
8 to 10. Two analyses, made by Mr. Rhead, of the Metal- 
lurgical Department of the Manchester School of Technology, 
gave the following figures : 


No 1. No 2. 
CORUM: NE DO assis socecess ikstsciccenequsscscscsoueebenavnsdacenedes 0.327 0.313 
SD, IE occas seca pcpncecencccevinenbuiseviuatichinatioateoieh 0.169 0.165 
PASUMANERE, PEF COM oan. os. viscecdecseseccssee ccsccesssccocescocseses 0.767 0.792 
PRORPDENE DOT CBRE so i500 00 5.0i ctyscness -esepketd pendensvensersanediess 0.057 0.059 
DRIGRUS, DET COE 050. ccvsceciccessoncses ccossnctsiecsessyetenseaneenanee 0.086 0.086 
Copper, POF COME... scvceccescevosesececsccccossescsossscecésecseceseesene trace trace. 
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The combination of high percentages of silicon, manganese 
and phosphorus are likely to make a brittle steel. Also the 
sulphur is high for a crank shaft. 

The tests and analyses all indicate brittle and unreliable 
material, and to the defective nature of the steel, which was 
not of British manufacture, the breakage was, in all probabil- 
ity, attributable.—“ Page’s Weekly.” 





‘“‘Page’s Weekly” furnishes some interesting information 
on the subject of the “ Schulz-Thornycroft” boiler, adopted 
by the German Navy since 1896, at first on board torpedo 
boats and then successively on board small cruisers, large 
cruisers and battleships. For the recently-built large cruisers. 
the Imperial German Navy has adopted these boilers exclu- 
sively, and all the large cruisers in course of construction will 
be fitted with them. As to battleships, those completed up 
to date have an installation of cylindrical boilers combined 
with “Schulz-Thornycroft” boilers; on board the first-built 
battleships the cylindrical boilers prevailed, but of the battle- 
ships recently finished more than 75 per cent. have this form 
of water-tube boiler, and for all the battleships now in course 
of construction, the German Admiralty has resolved on the 
exclusive adoption of the narrow-tube “ Schulz-Thornycroft” 
boiler. The following table shows at a glance the boiler 
equipment of modern German warships : 

Gross I.H.P. 


Erde? lasso ws, Nos SPEER! span ideal 
boilers. : 

1898-1908 Battleships 18 253,500 183,220 70,280 

1900-1907 Large cruisers 3 65,600 57,600 8,000. 
1901-7 Small cruisers 17 167,600 167,600 -= 
1900 Gun boat I 1,350 1,350 = 
1898-07 Torpedo boats 19 90,850 go, 850 — 
1898-05 Steam launches 8 1,360 1,360 — 

Grand total, 66 580, 260 501,980 78,280 


It will be observed that the indicated horsepower of these 
boilers amounts to over 501,000 out of a grand total of 580,- 
ooo I.H.P. 










































NOTES. 1251 
NOTES ON H. M. S. DREADNOUGHT’S PERFORMANCE. 
By Ernest N. JANSON, MEMBER. 


Comments and conclusions without possession of data more 
specific than those at hand are, of course, only of limited value, 
but may be rendered as an excuse to bring out, by discussion 
or otherwise, the points in doubt, thereby establishing facts. 

The apparently very successful trials just completed with 
H. M. S. Dreadnought have proved, without a doubt, the suit- 
ability of turbine machinery for large war ships, which is ad- 
mitting a great deal, and gives the whole question a certain 
and definite status. 

It is quite noteworthy that the Dreadnought’s turbines de- 
veloped the maximum power on quite 20 per cent. less steam 
than do our present naval engines, used no more at two-thirds 
power, and certainly not in excess of Io per cent, at one-fifth 
power, the latter being more of a surmise, inasmuch as no very 
definite data exist of what our ships actually do use. As 
an example U. S. S. Cincinnati may be taken, and for which, 
at one-fifth power, with 190 pounds steam pressure and 22 
inches vacuum, a steam consumption of 18 pounds per I.H.P. 
was found. Reducing this to 27%4 inches vacuum and using 
74 per cent. mechanical efficiency of her machinery (estab- 
lished by trial, and corresponding to five-eighths of full speed 
at one-fifth of full power), we get about 23 pounds steam per 
B.H.P. The corresponding figure of the Dreadnought was 
21 pounds. Again, the Minneapolis (of which we have defi- 
nite and reliable data) used 20.43 pounds with 26.75 inches 
vacuum at one-half of full speed, thus approximately one- 
eighth of full power, which, reduced to previous vacuum and 
assuming same efficiency, gives about 27 pounds per B. H. P. 

With regard to the low speed performance of the Dread- 
nought it is particularly interesting to point out that while 
cruising turbines were provided they were so arranged as to 
admit of only single-series operation, which means that the 
expansion occurs in one of said turbines only before entering 
in the main turbines. Ordinarily said cruising turbines oper- 
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ate in double series, and are made to function in about the 
same manner as would the high and first intermediate-pressure 
cylinders in a six-cylinder quadruple-expansion engine having 
two second-intermediate and two low-pressure cylinders. The 
double series arrangement gives undoubtedly more economical 
results, but also necessitates greater complications. On the 
U. S. scout Chester and the U. S. battleships proposed, the 
double-series arrangements are introduced. 

The steaming radius with turbines in accordance with trials 
of the Dreadnought is increased at maximum speed (21 knots) 
fully twenty per cent. as compared with ordinary machinery, 
and decreased only a small amount at low speeds (13 knots), 
while at about 15 knots it is equal with engine conditions. This 
speed, it seems, would, therefore, most advantageously consti- 
tute the cruising speed. 

Weight and space is saved to the extent of about 15 per 
cent., principally by reducing the number of boilers, but little 
of the weight and none of the space being saved in the turbine 
installation itself. The propellers, while probably not so effi- 
cient as can be obtained, and, undoubtedly, will be produced 
later by experimental research with different screws, seemed re- 
markably efficient. Comparing the Dreadnought’s performance 
with that of H. M. battleship King Edward, having recipro- 
cating engines, it is apparent that the propeller efficiency of the 
former for at least one speed was nearly as good as that of the 
latter, the power being practically the same in both ships at 
19 knots. 

An idea of propeller efficiency may be gotten by compari- 
son of brake and effective horsepower, both of which may be 
established approximately. In the case of the Dreadnought 
only the brake horsepower is known to the public. Computa- 
tion, using partly assumed quantities applied to the ordinary 
methods, shows approximate propeller efficiencies respectively 
of 63, 64 and 62 per cent. at respectively 13, 19 and 21 knots, 
the corresponding slips being 24.5, 21 and 26 per cent., while 
by the same methods the equivalent engine propellers give 
from 67 to 68 per cent. We may therefore infer that the turbine 
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efficiency at top speed rises more rapidly than falls down 
the propulsive efficiency, and hence the favorable results in 
steam economy. A right smart increase in horsepower, conse- 
quently speed, on a certain total steam quantity, therefore 
boilers, seems to follow the use of turbines in place of engines. 
A decidedly anomalous condition existed in the power devel- 
oped in the different turbines. Of course the data given are 
based on results obtained by torsion meters, and are therefore, 
perhaps, not quite uniform. The propellers are probably all 
. of the same diameter, 8 feet 1014 inches, and pitch 8 feet 4%4 
inches; the figured shaft revolutions, it is inferred, were in- 
tended to be about 330. On the full-power trial, and not far 
from it in the others, the low-pressure, or inboard, starboard 
turbines developed 50 per cent. more power than the outer. 
Using pressures given, initial and terminal at each turbine, the 
heat utilized divided by the available heat in each pound of 
steam gives a thermodynamic efficiency, of the combined sys- 
tem, equal to about 59 per cent. Some of the possible causes 
that may be attributed for the unequality of power may be: 
First, undue internal resistances in H.P. vane system, there- 
fore inadequate heat utilization within the temperature range 
corresponding to the pressures given. Second, the temperature 
range assigned to each turbine was erroneous from the’ start 
by the fact that the H.P. and L.P. turbines respectively devel- 
oped efficiencies entirely different from those anticipated, that 
of the H.P. being considerably less, while the L.P. was very 
much greater than allowed for. Considering that only a mod- 
erate vacuum was carried (27 inches), it is evident that the dis- 
crepancy would have been considerably greater had the vacuum 
been augmented. 

The condensing plants maintained 27.2 inches vacuum dur- 
ing full-power trials. A similar allowance of surface, 26,000 
square feet, would undoubtedly prove inadequate for equal 
power, in U. S. naval ships owing to less favorable conditions 
as to temperature of circulating water. However, additional 
proof is obtained through the performance of the Dreadnought 
that very good economy may be secured with vacuum even 
as moderate as 27 inches, the general belief to the contrary 
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notwithstanding. The following table gives coal per knot 
and steaming radius on the basis of 2,000 tons of coal carried. 


Knots. Tons. Coal per B.H.P. per hour. Miles 
13 .45 2.62 pounds. 4,700 
19 65 1.73 pounds. 3,100 
21 -79 1.52 pounds, 2,500 


From an engineering point of view the performance, as 
reported, is highly satisfactory. Improved steam economy 
under nearly all conditions of service having been demon- 
strated, with other advantages generally conceded, the steam 
turbine is no longer the engine of the future but actually the 
motor of today, both for stationary and marine purposes. 





THE SALVING OF THE GUNS OF H. M. S. MONTAGU. 


The salving of the guns of His Majesty’s battleship Mon- 
tagu forms a record of ingenuity and pluck worthy of the 
best traditions of the British Navy. Indeed, the continuous 
conflict of the salvage officers against the never-ceasing ground 
swell and the oft-recurring turbulent storms of the Atlantic 
since the Montagu stranded on the rocks of Lundy Island on 
May 30 last, until the completion of the operations of saving 
the primary ordnance, suggests that British seamanship and 
courage may be important auxiliaries in the in-gathering of the 
remnant of our naval force after decisive actions. From this 
point of view the story of the work on the Montagu is of 
great naval importance, and although long and patient work 
under severe elemental conditions did not bring the reward 
merited—the salving of the ship itselfi—the recovery of the 
guns was an operation equally important and of engrossing 
interest. 

Weare not here concerned with the incidents associated with 
the stranding of the ship, but it is right to indicate that sub- 
sequent submarine operations disclosed the fact that the ship 
had, some time before stranding, struck on an uncharted reef 
some 200 feet distant from her final disastrous position. On 
this reef the divers discovered extensive wreckage of the outer 
bottom, the missing port propeller in pieces, the rudder, stern 
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post, and one of the blades of the starboard propeller. The 
beginning of the misadventures which ultimately wrecked the 
Montagu was on this reef, and from it she sheared into the 
position she finally assumed. 

Salvage operations were at once undertaken under the expe- 
rienced direction of Admiral Sir A. K. Wilson, Commander of 
the Fleet to which the Montagu belonged, and he had as 
principal assistant Captain Fred. W. Young, a well-known 
wreckmaster, of the Liverpool Salvage Association. The 
Association sent the salvage steamers Ranger, Linnet and 
Plover, having on board a steam-pumping plant of large capac- 
ity, an extensive equipment for diving operations, pneumatic 
machine tools for work under water, air-compressing plant, and 
other salvage plant. 

It is not our intention to describe in detail the work which 
was done under Admiral Wilson and Captain Young to re-float 
the ship; we propose rather to describe fully the work of recov- 
ering the 12-inch guns. A brief narrative, however, may be 
given to indicate the admirable scheme which should have been 
rewarded with success, and would have been but for the ill- 
luck which brought bad weather contemporaneously with each 
spring tide upon which it was desired to re-float the vessel. 

The berth upon which the Montagu was stranded was very 
uneven, and the rocks pounded through both outer and inner 
bottoms as the heavy swell caused the vessel to “work,” not- 
withstanding her great weight of 14,000 tons. The bow was 
much higher on the rocks than the stern, and means had to 
be adopted to give the fore part of the vessel sufficient extra 
buoyancy to lift her off the rock. It was thus early proposed 
to take the forward guns out, but for reasons to be explained 
later this work was not then proceeded with. Some of the side 
armor plating was removed. Divers, using pneumatic drills 
and dynamite, cut away the rocks, which protruded through 
the bottom. The holes in the ship’s hull were closed by divers 
by the bolting on of plating. Simultaneously operations were 
in progress to close down the engine and boiler rooms, as it 
had been decided to drive the water from these compartments 
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by air pressure, as the damage to the bottom was too extensive 
to be temporarily repaired sufficiently to justify pumping oper- 
ations. The funnels had first to be taken away, and “Little 
Giant” drills were used to form square holes in the uptakes 
at the upper deck level; through these heavy timber beams 
were put to carry the weight of the funnel. This accomplished, 
the uptakes were completely cut away at a lower level, so that 
the funnels could be bodily removed when the timber supports 
were withdrawn. Plating was bolted over the tops of the 
uptakes and engine hatches, and air locks were fitted, so that 
workmen might pass into the compartments when they were 
under air pressure. Compressors of a capacity of 6,500 cubic 
feet of free air per minute were mounted on the deck of the 
Montagu, and although much of the air driven into the ma- 
chinery spaces leaked past joints in the bulkhead, a-pressure of 
8% pounds per square inch, equal to a head of about 17 feet 
of water, was maintained in the compartments; the water was 
thus driven out. 

While this work was going forward, “camels,” or large air- 
tanks, which had been constructed at Pembroke dockyard, were 
fastened in the recesses due to the removal of the armor plating 
at the forward part of the ship. With the water pumped out 
at the forward end, with the increased buoyancy afforded by the 
“camels,” and with the maintenance of sufficient air pressure 
in the machinery compartment to drive the water from the 
main part of the ship, it was anticipated that the tide would 
lift the ship; but, as we have said, the forces of Nature asserted 
themselves. Heavy gales or heavy seas intervened during the 
period of three successive spring tides, and instead of the two- 
and-a-half months’ strenuous and well-directed effort being 
rewarded, the ship, lifting slightly, was only put in a worse 
position. Ultimately the order to abandon the work was 
issued by the Admiralty, who took the opportunity of acknowl- 
edging by signal to all concerned their high appreciation of the 
splendid attempt which had been made to salve the ship. 

Throughout the operations the idea of saving the principal 
guns, and certain important detachable gear, had frequently 
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been discussed, and when all hope of saving the ship was 
abandoned, a contract was entered into between the Admiralty 
and the Liverpool Salvage Association for the recovery of 
the four 12-inch guns, which were mounted in pairs in the for- 
ward and aft barbettes, and of certain other fittings. The idea 
of removing these guns had been entertained at the beginning 
of the salvage operations, and enquiries were made for a port- 
able crane such as had been used in connection with corres- 
ponding work at Port Arthur in the lifting of material from the 
Russian warships. Such a crane, however, was not available 
for the rough waters of Lundy. There would have been 
very considerable risk of such a craft capsizing or going on the 
rocks. The idea was at the time abandoned. Later, Captain 
Young decided to rig up temporary sheerlegs to achieve the 
same object. The guns, it may be said, were 41 feet long, and 
each weighed 50 tons. Captain Young had at his disposal the 
Ranger and Plover, with all their gear, H. M. S. Doris stood 
by, and Captain Arthur W. Ewart, R. N., rendered useful 
service. In Lieutenant Hugh Williams, R. N. R., Captain 
Young had an energetic and willing assistant, and he was sup- 
ported by an enthusiastic staff. 

The difficulties due to the absence of satisfactory appliances 
were greatly increased because the guns could not be with- 
drawn through the ports in the gun-protecting hoods. These 
had been made of minimum size, to admit only of the eleva- 
tion and depression of the barrel of the gun, as, otherwise, 
projectiles from the enemy’s machine guns might more readily 
find their way into the gunhouse. The hood turns with the 
gun during training. It was thus necessary not only to remove 
part of the armor top of the hood, but to ease the walls to en- 
large the port. In connection with this operation pneumatic 
plant—notably the Boyer hammer and “Little Giant” drill— 
was utilized. Indeed, from first to last, the pneumatic machine 
operations, both under water and on deck, constitute a record 
in the extent to which such tools have been applied. A small 
compressor and a receiver were fitted on the deck, with two 
ordinary steam winches, one with an 8-inch and the other 
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with a 9-inch cylinder. Steam was supplied from a vertical 
boiler. The air compressor had a capacity of 60 cubic feet of 
free air per minute, and was of the single straight-line type. 
A pressure of 75 pounds to 80 pounds was automatically main- 
tained in the reservoir, the steam-engine valve being regulated 
by the pressure. 

The removal of the roof plates in the hood was a simple, 
although an arduous task. In connection with the 8-inch wall 
plates of the hood, difficulty was experienced owing to the fact 
that at the butts, which were vertical, the plates were dove- 
tailed into each other and secured by a tapered key in the usual 
manner. The key was flush with the bottom of the armor 
plates, and had to be forced by hydraulic jacks from below, 
which necessitated the cutting away of a considerable part of 
the structure. 

When the ship struck the guns were in the normal fore-and- 
aft line, and the question was considered as to whether they 
should be removed when in this position or whether they should 
be trained on the broadside. It was ultimately considered 
that the trans-shipping of the guns into barges would be 
facilitated if the guns were removed when trained abeam. The 
hydraulic turning gear was under water, and, moreover, was 
in some cases out of alignment, owing to the severe strains set 
up by the stranding of the ship. The hand gear was also under 
water, and thus it was decided to turn the whole mechanism 
from outside. To wire ropes with tackle, surrounding the 
gun hood, heavy purchases were made fast, and a hawser led 
to « tugboat, which, with a strong pull, succeeded in rotating 
the guns and hood through go degrees. 

The sheerlegs were meanwhile erected for the lifting, first, 
of the forward guns. There were two pairs of sheerlegs, one 
athwart the ship and one at the starboard side in line with the 
keel. The former had a height of 60 feet, and the legs were 
spread at the base to 38 feet. They were constructed of two 
20-inch to 22-inch square pitch-pine logs rabetted at the top 
to lock into each other. They were there secured by 3-inch 
bolts, and lashed together with about twenty turns of flexible 
steel-wire rope. 
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The nut on the bolt was subsequently slackened, so that the 
ultimate strain would come on the rope rather than on the 
bolt. The sheerlegs were secured as far as was possible—they 
were lashed to the rail stretching across the quarter deck, to 
prevent the gun being depressed to too great an extent; a guy 
of 6-inch wire rope was carried from the top to the mainmast; 
about 40 feet from the base 414-inch wire-rope guys were car- 
ried from both legs through the hawse pipe on each side of the 
bow, and fastened to the cable bits in the forecastle; and a 
threefold purchase also extended from the top to the stem of the 
ship. The feet of the sheers were inserted in recesses cut in 
the deck to a depth of about 4 inches, where they were secured 
by 3-inch plates and angles. 

As regards the fore-and-aft sheerlegs, the method of erection 
was somewhat similar. Here the height was 50 feet. Two 
44-inch ropes, made fast to each leg near the top, extended to 
the port side of the ship, where they were secured to lashings 
passed through the side ports. From the top there was also a 
guy to a fairlead on the port side. In order to tip the top of 
the sheers over the barge, when required, a 414-inch steel-wire 
rope was passed shorewards, 350 feet distant, to a block and 
tackle fastened to a loop round one of the partly-submerged 
rocks, and thence back to the ship. The foot of each leg in this 
case was secured to the deck by angle-irons bolted through 
the plating; the legs were lashed together to prevent them 
spreading. 

The main purchase for lifting the guns out of the barbette 
consisted of two large four-fold iron blocks. These were 
originally made to hoist the boilers on board of the Great 
Eastern, and amongst their subsequent uses by the Liverpool 
Salvage Association may be mentioned the turning of the 
Walter Bibby, a dredger, which had capsized in the Queen’s 
Dock at Liverpool. The purchase fall was a 10-inch Manilla 
rope, which contracted to 8 inches, when the strain of lifting 
the 50-ton gun was put upon it. The leading block of the haul- 
ing end of the purchase was made fast to one of the deck beams, 
the deck timber and plating having been removed for the 
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purpose. The hauling part of the fall was rove through this 
block, and to this fall was attached a Manilla tackle for winding 
round the drum ends of the steam winch. 

The fore-and-aft sheers had two independent three-fold pur- 
chases of 3%4-inch wire rope, which passed through leading 
blocks, also fastened to the deck beams. This enabled the 
breech of the gun to be tilted up by the one while the other 
purchase was raising and lowering the gun. This tilting of 
the gun was necessary because it was.impossible to get a barge 
with a hull having a hatch sufficiently long to take the gun in 
the horizontal plane. The dockyard coal barge used had a 
heavy athwartship stringer, and thus the gun had to be tilted 
at the breech end and passed under this obstruction. One of 
the lashings on the gun was of 314-inch wire rope for lifting the 
gun out of the barbette; that for the trans-shipping of it into 
the barge was made of a 6-inch wire rope, with eyes and 
thimbles in the ends. 

The guns were first slung through the top of the barbette 
and placed on a slide with a declivity of 314 inches to the foot 
from the top of the gun hood to a covering board at the port 
side. A launching cradle was constructed for the gun, consist- 
ing of chocks, and as the slide was well greased, the operation 
of removing the gun from under the central sheers to the 
side of the ship was comparatively easy. The gun was then 
swung into the fore-and-aft line when suspended to the side 
sheerlegs, and was inclined by the second purchase to pass 
under the athwartship stringer in the barge. 

The two forward guns were thus safely trans-shipped, and, 
although the season was far advanced and heavy gales became 
more frequent, work was commenced on the two aft guns. 
Some idea will be formed of the difficulties experienced in 
erecting the temporary sheerlegs when it is stated that at two- 
hours flood heavy waves broke over the quarter-deck with 
almost every tide, and thus there was only a short period of 
time each day when the work could be done. At the same time 
great care had to be exercised to secure everything before the 
recurrence of each flood tide. The officers, however, en- 
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couraged by their earlier achievements, carried on the work, 
even although there were prospects of failure owing to heavy 
seas, and the operations were rewarded with success. Those 
employed had become more dexterous by experience, and the 
last gun was in the barge 4% hours from the time the first 
purchase was slung on. It was not, however, a moment too 
soon, because within two or three hours the weather became so 
bad as to prevent anyone boarding the Montagu for the suc- 
ceeding ten days. Indeed, the seas capsized one of the donkey 
boilers, smashed a considerable part of the deck fittings, and 
destroyed nearly all the wire ropes and lashings. The sheer- 
legs, however, held to the end; and these, with practically the 
whole of the salvage plant, were eventually recovered and 
taken to the Liverpool depot of the Salvage Association. 

In addition to the four guns many other parts of the mechan- 
ism were recovered. Part of the gun carriage, with the re- 
coil cylinders, etc., in the forward barbette, were taken out. 
‘The warheads of the torpedoes were recovered, some of the 
telemotors, and a large amount of the fittings useful for all 
types of ships. It was not found possible to secure anything 
in the machinery compartments. One interesting part of the 
miscellaneous salvage operations was the recovery, by divers, 
of what remained of the starboard propeller. The explosion of 
18 pounds of gelignite round the outboard shaft broke it, and 
thus the propeller and propeller boss, about 1314 tons of man- 
ganese-bronze, could be removed. 

It will, we think, be admitted that we are amply justified 
in all we have said regarding the resourcefulness and deter- 
mination of the officers of the Liverpool Salvage Association, 
and the Admiralty and all interested in the Navy agree in 
commending Captain Fred W. Young and his staff for their 
continuous fight against heavy odds, and for establishing an 
example in salvage operations. A description of these oper- 
ations will, we are glad to know, be circulated amongst officers 
in the Navy, who may be called upon to undertake similar work 
in the future as an almost inevitable result of the fortunes of 
war.—“Engineering.” 
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SOME REMARKABLE RESULTS WITH ARMOR-PIERCING 
SHELLS. 


During the past year some interesting experiments with a 
new type of armor-piercing shells have been carried out by 
the British government authorities. This new projectile, 
known as the “Heclon,” is the product of the Hadfield Foun- 





dry, of Sheffield. They are of the “capped” type, and the re- 
sults obtained therewith have exceeded anything previously 
accomplished. The projectiles of 244 per cent. bursting capa- 
city range in caliber from 4% inches to 12 inches, and have | 
successfully pierced Krupp cemented armor plates ranging 
from 5 inches to 12 inches in thickness without breaking. The 
results achieved are as follows: 
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Striking 
Plate, velocity, 
inches. foot-seconds. 


4%-inch projectile perforated .............cs0s00++ 5 1,990 
4.7-inch projectile perforated................cccccsessssceseee 6 2,100 
6.0-inch projectile perforated................csscessseeseeeees 6 1,990 
7.5-inch projectile perforated...............ccsscessrseresere 7 1,980 
g.2-inch projectile perforated....................scesessees 9 2,033 
12.0-inch projectile perforated..................s:seccesseees 12 1,981 


In Spain equally successful results have been achieved, and 
the makers have completed the unit of large-caliber capped shell 
for the Spanish navy. A supreme test was imposed upon one 
of these shells upon the proving grounds of another important 
European power. In this case the plate to be attacked con- 
sisted of a 12-inch Krupp cemented armor plate backed with 
12-inch oak and three 14-inch skin plates. Instead of firing a 
12-inch projectile, as is generally done, at such a plate, a 10- 
inch Heclon projectile was utilized, being fired at the low 
velocity of 1,877 foot-seconds. The shell perforated the plate 
and backing, and, despite the severity of the test, che projectile 
was found with only two small pieces of the shoulder broken, 
no less than 2,600 feet beyond the target. These projectiles 
have been adopted by the British authorities, since they have 
been found to excel other types in their penetrative capacity 
without breaking.—‘Scientific American.” 





THE TOWING RESISTANCE OF A FLOATING DOCK. 
By HENRY AYLWIN BEVAN COLE, M. Inst. C. E., in the Proceedings of 
Civil Engineers. 

The author of this paper becarne interested some time ago 
in the towing of a large floating dock, and thought that an 
attempt might be made to deduce approximately the towing 
resistance of the dock from the I.H.P. of the towing steamer, 
thus avoiding the expense and complication of a dynamometer. 
His investigations are based on two assumptions not strictly 
accurate but probably fairly correct within the limits of ordin- 
ary working. 

The dock is 320 feet long by 86 feet wide, and the draught 
at the time of the experiment was 4 feet 6 inches. The wetted 





Xt 





1264 NOTES. 


surface at this draught is 31,655 square feet. The dock con- 
sists of three rectangular box-like pontoons, the center pon- 
toon being 320 feet long by 65 feet wide, and the two side 
pontoons 272 feet long by 8 feet 6 inches wide. The draught 
of the side pontoons is = feet, being 2 feet 6 inches less than 
that of the center pontoon. Each of the two side pontoons is 
separated from the center pontoon by a passage 2 feet wide 
and open to the sea. The flow of water through these narrow 
lanes is considerably baffled by the brackets connecting the 
three pontoons together and no doubt this obstruction to the 
free passage of the water along these two lanes accounts for 
a large portion of the resistance to towing. The dock was 
towed by a cargo steamer of about 9,500 tons displacement and 
2,500 I.H.P., having a maximum speed of about 1114 knots 
per hour. In the following investigation this steamer will 
be called the tug. 

The investigation is based upon two assumptions, viz: (1) 
that the I.H.P. of the tug is 2.25 times her effective H.P.; or 
in other words, that the tug’s own propulsive coefficient is 
I + 2.25 = 0.44; and (2) that the augment of the tug’s own 
resistance due to her propeller is 40 per cent. of her total resist- 
ance. 

The power and speed curve for a sister ship to the tug having 
been previously obtained, the pull on the tow rope, 7. e., the 
resistance of the pontoon, is arrived at by the following rea- 
soning from the foregoing assumptions. The I.H.P. of the 
tug is 2.25 times her effective H.P., but the I.H.P. of the 
pontoon, having no augment due to a propeller, will be about 
2.25 — 0.4 = 1.85 times the effective H.P. For example, 
when towing at 5% knots per hour, the observed I.H.P. was 
1,094, the I.H.P. of the tug for this speed, previously ascer- 
tained, being 240. The I.H.P. due to the tow is the difference 
between these two powers, or 854. The effective H.P. of the 
pontoon is 854-~-1.85—462, and the pull on the tow rope for 
a speed of 514 knots per hour is 462 X 33,000 + 5.5 X 100 X 
2,240 = 12.37 tons. The power required to drag the tow 
rope through the water is considered negligible. The powers 
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were taken for three speeds, viz.: 5%, 634 and 7% knots per 
hour, the speeds being measured by a speed indicator, which 
had been ascertained to be correct within about 5 per cent. 
It is obviously very inconvenient to try such an unwieldy 
vessel on a measured mile. The weather during the trials was 
moderate. The results obtained are given in the accompany- 
ing table: 


Ste HOF Our, BBO. .e0 cs cscccscessccssesessecnss 5.5 6.75 7.5 


CIT Ba Eo ons seckneatds dipstick shesesdnonninsiie 1,094 1,857 2,300 
1.H.P. of tug previously determined............ 240 400 570 

tow by difference................c0seee0 854 1,457 1,730 
He. BP. of tow=l Eh, BP. 26-8286. cccssccccccsses 462 790 935 
Resistance of tow or pull on tow-rope, tons.. 12.37 17.24 18.36 

in pounds per square foot 
of wetted surface......... 0.875 1.219 1.299 

Calculated skin resistance of tow, pounds.... 5,838 8,794 10,857 


Wave-making resistance of tow, pounds...... 21,870 29,823 30,269 


It is thought to be of some interest to analyze the total resist- 
ance of a body of such unfavorable shape, in order to ascer- 
tain in what manner the skin resistance and wave-making re- 
sistance, taken separately, vary with the speed. The skin 
resistance is assumed to be 1 pound per square foot of clean 
wetted surface at a speed of 12.8 knots per hour, and that it 
varies as the 1.8th power of the speed (here taken as the square 
for simplicity). The wave-making resistance is then arrived 
at by subtracting the calculated skin resistance from the total 
resistance. These resistances have been plotted in the form of 
curves in the accompanying figure. 

A floating dock is, of course, not built with a view to 
economical propulsion, and it is not surprising that even at 
these low speeds the wave-making resistance far exceeds the 
calculated skin resistance. It is interesting to observe the very 
low speed, namely, about 614 knots per hour, at which the rate 
of increase of the total resistance begins to fall, as compared 
with that of properly formed ships. The average speed over 
the whole voyage of 6,000 miles was about 5 knots per hour. 

In estimating the power required of the tug it will be suffici- 
ently accurate to take the towing resistance, i. e., the pull on the 
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tow rope, for similar docks, as 1 pound per square foot of 
wetted surface, at a speed of 6 knots per hour, which is quite 
fast enough for a structure not built for progression. The 
effective H.P. of the tow is obtained by multiplying the resist- 
ance of the tow at 6 knots per hour by 600 feet per minute, and 
dividing by 33,000. This multiplied by 1.85 gives the I.H.P. 


40,000 


Resistances in ibs. 


ry we 





1 4 
Eno.News. Opeed in Knots per Hour. - 
Towing Resistance Curves. 


(A = Total Resistance; B = Wave- leestes Resistance 
C = Calculated Skin Resistance.) 


of the tow, and to this product must be added the tug’s own 
I.H.P. for a speed of 6 knots per hour. Needless to say, a 
good margin must be allowed for head winds, etc. For the case 
described the effective H.P. of the tow = 31,655 X 600 
33,000 = 575, and the I.H.P. of the tow = 575 X 1.85 = 
1,063. 

It will be seen that the formula is very easily applied, and 
although no doubt not strictly accurate, it may serve as some 
guide to the work which a tug will be required to do when 
towing structures similar to that experimented upon. 





A NEW SEA WALL AT ANNAPOLIS. 
The difficulty which has been experienced in the past in 
maintaining a sea wall along a portion of the water front of 
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the grounds of the U. S. Naval Academy at Annapolis has ap- 
parently been overcome by a type of sea wall recently completed 
there. The scheme for the improvement of the Academy in- 
volved the acquisition of property on the shore and the recla- 
mation of land on the water front between an old and more 
recent sea wall. The old sea wall was a stone structure built 
on the natural bottom and was constructed merely as a pro- 
tection for the banks. The more recent sea wall was built in 
connection with a power station located on a pier extending 
some 400 feet from the shore line and had caused considerable 
trouble before it was finally made stable. The construction 
of the sea wall that has recently been completed along the 
reclaimed land was described before the Engineers’ Club of 
Philadelphia, by Mr. Harrison W. Latta, from which descrip- 
tion the following notes have been taken. 

Plans were prepared for a wall supported on piers spanned 
by concrete arches, the work to be divided into six sections. 
Back of the wall were reinforced concrete arches spanning the 
same piers and relieving the wall from the thrust of the back 
filling, holding this back filling so that the toe of the slope came 
within the line of the wall. The Government had decided to 
do the work by day labor under the direction of its engineers, 
and had purchased considerable material with this idea in view. 
This decision was changed, however, and proposals for the 
construction of the sea wall were invited, the Government 
agreeing to furnish such materials as it had purchased, which 
would be available for the construction. The bids were re- 
ceived on the different sections of the wall. One section was 
of simple construction, being designed as a retaining wall, there 
being but 3 feet of water in front of it. The total of the lowest 
bid was very largely in excess of the appropriation, but on 
another section the bids were close and that particular portion 
of the work was awarded at the time, in June, 1903. 

It was then necessary to make a new and more economical 
design, keeping in view the use of the materials already pur- 
chased for this work. The result was a concrete wall built 
directly on the piles, without any cribbing or caisson work. As 
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this wall extended only 5 feet below water, the required depth 
of water, 20 feet, was secured by a riprap slope in front of the 
wall. On this design of wall the prices bid came within 
the appropriation and the contract for the construction was 
awarded in July. The contract was held up until October, how- 
ever, by legal difficulties. As a special plant was required 
for the work, the season was at that time so far advanced that 
nothing could be done until the following spring, except pile- 
driving and some of the filling. 

During that winter, however, the plant for handling the 
work, including three scows, chutes for placing the riprap, 
forms for the concrete, etc., was built. One scow was 23 by 80 


20 FT DEPTH. M.L.W-. 
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feet in plan and 8 feet deep, and carried the concrete mixing 
and handling plant. This plant consisted of a Hains mixer 
mounted at the middle of the scow, with a derrick at each end, 
one to handle materials and the other to handle concrete from 
the mixer to place in the wall. A second scow carried a circu- 
lar saw mounted on a vertical shaft for cutting off piles under 
water, and a derrick used in placing and removing the con- 
crete forms. A third scow was used for water and for hauling 
materials for the construction. The design of the wall as built 
is shown in the accompanying illustration. The fill back of the 
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wall was first made by scowing in dredged sand, to an ele- 
vation of about 6 feet below mean low water. When this fill 
had been made out to the line of the wall the piles were driven. 
Using these piles as a guide the crushed stone and large 
riprap were placed, a dredge first excavating to the proper 
depth in front of the wall. 

The scow on which the riprap was delivered was moored 
broadside to the piles and held off at the proper distance by 
wooden frames. Between the scow and the piles was placed 
a wooden chute 40 feet long, 5 feet wide and 5 feet deep, with 
an opening in it 2 feet wide, running nearly its entire length. 
The stone was dropped through this opening, until soundings 
taken through the chute showed the riprap had been brought 
up to the proper elevation—the position of the chute being 
known, the correct elevation for the riprap could be determined. 
When the proper elevation had been reached the scow and 
chute were moved in 4 feet and the operation was repeated 
until the crushed stone had been brought up to the line of the 
piles. The large riprap stone was then placed in the same 
manner. The piles were then cut off 4%4 feet below water 
with the circular saw mounted on a vertical shaft, after which 
the work was placed. 

The concrete forms were built in 12-foot sections, fastened 
together at the top with a cap piece and at the bottom by a wire 
to keep them from spreading, with a brace to hold them apart. 
By removing the cap piece and cutting the wire, which was 
below the water, the two sides of the form came off and. could 
be used again. The method of procedure was to remove six or 
eight of these 12-foot sections from the completed wall and 
place them on a scow, where the two sides were set in an 
upright position, connected by the cap piece at the top and 
braced and tied ‘across the bottom. Each section was then 
raised by the derrick, set down in the water and bolted to 
the section of form which had not as yet been removed from 
the completed wall. The section thus placed was held to the 
proper elevation by long stakes driven in the sand. It was then 
spiked and held in line by braces spiked to it and to the brace 
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piles driven back of the line of the wall. In this way the 
several sections of form were placed. The sand was then 
filled in back of and between the forms to bring the bottom 
to the required grade. In the front the riprap was brought up 
to the completed grade and filled against the form with small 
crushed stone to prevent concrete from escaping under the 
lower edge. The work was then ready for the concrete to be 
brought up to the water line. 

The concrete was mixed and placed as follows: Sand was 
brought in on small schooners and loaded into bins on the mix- 
ing scow after working hours. Stone was delivered on barges 
holding about 300 cubic yards. These barges were placed along- 
side the mixer scow so that the derrick could reach the stone 
and hoist it directly from the scow to the mixer. This derrick 
also hoisted the sand and cement. The mixed concrete fell 
from the Hains mixer into a bucket placed on a car in the hold 
of the scow. This car was pushed to a point where the other 
derrick on the scow could reach the bucket. An empty bucket 
was placed on the car and a full one taken away. The derrick 
then lifted the bucket of concrete and placed it in the forms. 
When the bucket reached the bottom, the opening in it was re- 
leased and the concrete deposited in place. This process was 
continued until a section of wall about 60 feet long had 
been brought to the surface of the water. The following day 
planks were placed on the part of the form above the water 
and the wall brought up to within a foot of its finished height. 

When the concrete work was first started it was intended to 
make the concrete under water continuous; that is, to leave a 
slope at the end of the wall at night and begin by placing the 
next day’s concrete on this slope. It was found, however, that 
there was a deposit of magnesia, caused by a reaction between 
the sea water and cement, which settled on this slope and on the 
bottom, ahead of the concrete work. As this deposit could not 
be removed without great difficulty and expense, it was found 
necessary to place a bulkhead in the forms and end the day’s 
work at that bulkhead. In this way the deposit was forced out 
from between the forms before it had time to settle, and it was 
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found scattered over the bottom outside the line of the wall 
where it could do no harm. These bulkheads also furnish ex- 
pansion joints in the wall—a sheet of tar paper being placed 
against the completed work before fresh concrete of the suc- 
ceeding section was placed against it. 

When dried out the deposit of magnesia was of the con- 
sistency of an impalpable powder and when wet was like a 
liquid grout of neat cement. It did not harden in the sense of 
setting, but it became more compact as it settled or was com- 
pressed. It would cover the bottom between the forms and 
would sometimes accumulate to the depth of a foot around the 
piles, and these being 5 feet under water, there was considerable 
difficulty in removing it. By bulkheading, the water holding 
the magnesia in suspension was forced out from between the 
forms, and the deposits occurred outside the line of the forms 
where they could do no harm. The removal of this magnesia 
did not in any way affect the properties of the cement. The 
concrete set up as well as any with which Mr. Latta has had 
experience. The forms were usually removed in. forty-eight 
hours, but could have been removed in twenty-four. In begin- 
ning the construction, a section of wall 100 feet in length was 
built before this deposit of magnesia interfered with the work. 
It was then found to a depth of from 6 to 12 inches and ex- 
tended to a distance of about 70 to 80 feet from the end of the 
complete wall. It was found by sounding with a rod and could 
be easily recognized. If a section of the wall was left un- 
completed, with its top surface below the level of the water, 
the deposit would occur on this surface, and would have to be 
removed before more concrete could be placed. 

After the wall had been brought up to four feet above mean 
low water, the fill back of the wall was completed by dredging 
material from the front and casting it over back of the wall. 

The concrete of the upper part of the wall, 1 foot in depth, 
on which a granolithic finish was placed, was laid after the 
backfill was made, forms being clamped to the wall already 
built. 

A section comprising a breakwater adjoined the wall of the 
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power-house pier, which had been built by another contractor 
and had failed. So far as securing a suitable and stable founda- 
tion was concerned, this piece of the work was the most diffi- 
cult of the entire contract. The breakwater was only 110 feet 
long and 30 feet wide, but it was known that at that location 
there was a deep deposit of almost liquid mud. To secure a 
foundation it was necessary to replace this mud with sand. 
Sand was dredged and brought in to the site of the breakwater 
on scows and dumped until its weight pushed the mud out into 
a shoal of mud on either side. These shoals were removed 
by dredging and the sand settled. More sand was then scowed 
in and the shoals, which again formed, were dug away. This 
operation was repeated until almost 20,000 cubic yards of sand 
had been dumped on the site of the breakwater and a like 
amount of mud removed. It was then found that the removal 
of the mud did not result in further settlement of the sand fill. 

The work was then considered ready for the driving of the 
piles. On the outer end of the breakwater, single sticks rang- 
ing in length from 70 to 85 feet in length were driven. To- 
ward the inner end the bottom was worse and lengths of 100 
to 110 feet were required. Single sticks of this length could 
not be secured and it was found necessary to resort to splicing. 
After a trial of several methods, the simplest was found to be 
the best. The first or bottom pile, 60 to 70 feet in length, was 
driven until the top was within about 3 feet of the water sur- 
face. This top was carefully adzed down to a plane surface 
and trimmed to a diameter of 10 inches. On this was placed 
a piece of 10-inch wrought-iron pipe 10 inches long. The top 
pile, the point of which had been carefully trimmed to fit on 
the pipe, was now raised in the leads and set on the lower 
pile. The driving was then continued until the required pene- 
tration was reached. 

On the foundation, constructed in this way, the wall was 
built, which has not settled in the least, although at the time 
of the construction the old wall with which it connected was 
still settling —“Engineering Record.” 








NOTES. 1273 


A GERMAN CONTINUOUS STEAM-ENGINE INDICATOR. 


There has come to be a widespread realization of the advan- 
tages and need of a continuous indicator for taking a series 
of diagrams from engines operating under variable loads, the 
best demonstration of this realization that I have seen being 
an extemporized apparatus used in the official test of the sub- 
way power station of New York. 

Such an indicator is especially useful in studying the action 
of engines acting under a periodically varying load. No 
matter how industrious and dextrous the operator may be, it 
is quite impossible in such cases to get individual cards fdst 
enough to give any idea of the periodical action of the engine, 
whereas a series of continuous cards representing every stroke 
of the engine throughout the cycle shows the action in a man- 
ner which is at once beautiful and to the last degree in- 
structive. 

Again, under widely fluctuating loads, whether periodic or 
not, it is almost impossible to obtain individual cards which 
shall give the true mean horsepower of the engines. The pro- 
vision that cards shall be taken at fixed intervals gives no as- 
surance that they shall be representative or that their average 
shall give the true average of the engine; whereas, except for 
the labor involved, it is perfectly easy to obtain such a true 
average from a set of continuous cards. 


THE INSTRUMENT DESCRIBED. 


Illustrated herewith is a continuous indicator made by 
Dreyer, Rosenkranz & Droop, of Hannover, Germany, of 
which several have already been imported into this country. 
Fig. 1 gives a general view of the instrument, which will be 
seen to be of the external-spring type, although it is also made 
with an internal spring. Fig. 2 shows a plan of the paper 
drum, from which it will be seen that a spool of paper is con- 
tained within the drum at a. From this spool the paper passes 
without the drum over the guide roll b, around the drum, over 
the second guide roll c, to the second spool d, on which it is 
rewound. 
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In the action of the instrument the paper is drawn out about 
half an inch and rewound on d, during each alternate move- 
ment of the drum, the result being a series of cards which are 
offset from one another by the amount which the paper is 


drawn out. 
TAKING INDIVIDUAL CARDS. 


By manipulating the thumb nuts at the top of the paper 
drum the successive drawings-out of the paper may be sus- 
pended and the instrument be used for taking individual cards 
in the usual manner. Again, by suspending the action of the 
drum, cards may be taken at intervals instead of continuously, 
if this is desired. The instrument is also furnished with a 
| plain drum, which may be substituted for the continuous drum 
in a few seconds. 
| The continuous drum will be seen to be fitted with a pencil 
for drawing the atmospheric line, a provision that is obviously 
necessary when taking continuous cards. This pencil is set 













NOTES. 1275 


to agree with the position of the main pencil when the piston 
is free from pressure, and thereafter draws a continuous line 
as the paper passes out and around the cylinder.—“American 
Machinist.” 
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UNITED STATES. 


North Carolina—Launcnu or.—The armored cruiser 
North Carolina was successfully launched on October 6, 1906, 
at the yards of the Newport News Shipbuilding and Dry Dock 
Company, Newport News, Virginia. 

The North Carolina is a sister ship to the Montana, building 
at the works of the same company. 

For a general description of these vessels, see Vol. XVI, p. 
1255, JouRNAL A. S. N. E. 

Octopus—Launcu or.—Submarine boat No. 9, the Octo- 
pus, was successfully launched October 4, 1906, at the works 
of the Fore River Shipbuilding Company, Quincy, Mass., and 
has already had satisfactory dock trials. The contract for 
this boat was concluded March 6, 1905, with the Electric Boat 
Company, of New York city, the contract price being $250,000. 
The vessel is to be completed in 18 months. 

The general dimensions are as follows: Length over all, 105 
feet; extreme beam, 13 feet; displacement, submerged, about 
261 tons. 

Cuttlefish—Launcu or.—Submarine boat No. 11, the Cut- 
tlefish, was successfully launched at the works of the Fore 
River Shipbuilding Company, Quincy, Mass., September 11, 
1906, and has since had satisfactory dock trials. This boat is 
one of three (3) of the same type, all building at the Fore 
River Works. The contract for the Cuttlefish was concluded 
with the Electric Boat Company, March 18, 1905. The con- 
tract price is $200,000, and the vessel is to be completed within 
18 months from date of contract. The principal dimensions 
are: Length over all, 80 feet, 8 inches ; extreme beam, 12 feet, 
4 inches; displacement, submerged, about 167 tons. 
California—OrriciaL TrIAL.—This vessel, an armored 
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cruiser of the Pennsylvania class, completed her official trials 
off San Francisco, California, November 13, 1906, making an 
average speed of 22.2 knots. A full description of this vessel 
and her trials will be given in the next issue of the JOURNAL. 


ENGLAND. 


Firefly —The coastal torpedo boat destroyer Firefly was 
successfully launched from the works of Messrs. J. Samuel 
White & Co., Ltd., East Cowes, on September 1. She is a 
sister vessel to H. M. ships Cricket and Dragonfly, launched by 
Messrs. White a few months ago, and is the third vessel of 
her class to take the water of the five coastal destroyers build- 
ing by this firm for the Government under the 1905-6 naval 
programme. The vessel is 175 feet long and of 230 tons dis- 
placement her I.H.P. being 3,600, and her speed 26 knots. 
The machinery consists of water-tube boilers, White-Forster 
patent (fired with oil fuel), and turbines, and manufactured 
by Messrs. White under Parsons patent. 

Large Dry Docks.—The news that the Admiralty have 
decided to undertake dock enlargements at Portsmouth is im- 
portant, as throwing a side light upon naval policy. It is an- 
nounced that the dry dock used for the construction of the 
Dreadnought is to be lengthened, which is taken to mean that 
the next class of battleship will be even longer than the Dread- 
nought, and perhaps of a tonnage to equal the projected Ger- 
man battleships, which are apparently a reply to the British 
policy of the big fighting unit. There will, it is thought, be 
little, if any, increase in the breadth of the new ships, as the 
Dreadnought amidships nearly touches the caisson abutments 
of No. 15 dock as she passes through. The width of the dock 
entrance is 94 feet, being by far the broadest dry dock at Ports- 
mouth, and the only one capable of taking a Dreadnought. Its 
present length is 557 feet, and it is to be extended to 670 feet. 
As the Dreadnoughts and improved types are built a new dock 
800 feet long will be constructed at Portsmouth. In the new 
Keyham extension works at Devonport there are, it will be 
remembered, three very large dry docks. 
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H. M. Battleship “Lord Nelson.”—The Lord Nelson, 
which was launched September 4th from the works of the 
Palmer’s Shipbuilding and Iron Company, Limited, of Jarrow- 
on-Tyne, is the sixty-ninth fighting ship which the company 
have launched since they began business fifty-five years ago, 
and these vessels, which include practically every type used in 
naval operations, represent a collective displacement of 140,000 
tons, and over 300,000 indicated horsepower. Amongst the 
number are ten battleships, ranging from the 1844-ton floating 
battery, of 1854, to the Lord Nelson, of 16,500 tons; ten cruis- 
ers are also included in the list, together with a large number 
of high-speed torpedo-boat destroyers, with which the firm 
have been very successful. This one fact suffices, at the mo- 
ment, to indicate the long traditions of the company, which are 
so admirably maintained under the chairmanship of Sir Charles 
Maclaren, Bart., M. P., and under the general managership 
of Mr. Malcolm Dillon. 


Length | : ae Ae: 7 Horse-|§ _ 
bet. per-| < = £3 | Dis- | power|_< 
— pendic- 2 2 | 36& | place- | of ma- 2s Armament. Cost. 
ulars. 2 £ 2 } ment.| chin- | & 
= a |= ery. |? 
ft. in. | ft. in..| ft. in. | tons. | tons. kts. guns. L 
Lord Nelson...... 410 0 | 79: 6 | 27 © | 9,920 | 16,500! 16,750 | 18 | 4 12-in.; maps ; 1,616,083 
20 small. 


Dreadnought...... 490 © | 82 0 | 26 6 | 11,100) 17,900 23,000 | 21 | 10 12-in.; 27 small 1,797,497 
New French | 
ships| 475 9 | 84 6 | 27 9 o~ 18,000 | 22,000 | 19 | 412-iN.; 12 9.4-iN.; 2,000,000 
24 smaller. 


The Lord Nelson was designed by Sir Philip Watts fully 
three years ago, at a time when he, with others, was advocating 
the adoption of unity of caliber in the main guns. In fact, at 
that time he schemed the Dreadnought, but it was felt by some 
of the naval authorities that the step from the King Edward 
VII class to the Dreadnought was too great, especially in 
respect to cost, and a compromise was decided upon, the Agam- 
emnon and Lord Nelson being arranged for four 12-inch and 
ten 9.2-inch guns, instead of ten 12-inch weapons. Generally 
the disposition of the armor is the same, and, indeed, it is 
understood that the weight of armament is the same. The 
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cost of the 12-inch guns has gone up, but not to the same extent 
as the effective gun power, according to the estimate of 
artillery experts. The Lord Nelson and Agamemnon rank as 
second in power to the Dreadnought, and are almost equal to 
the six new French ships, as the preceding table of dimen- 
sions will show. 

The Lord Nelson is exactly the same design as the Agam- 
emnon, which we fully described on the occasion of her launch 
(vol. Ixxxi., pages 825, 830 and 862). She is well advanced 
in construction, and when launched had 1,200 tons of armor 
worked upon the hull, and the total launching weight was 
7,000 tons. The Lord Nelson could have been launched sev- 
eral months earlier had this been expedient, but the manage- 
ment considered it was more economical to carry through as 
much as possible of the work while the vessel was on the slip. 
In this they were influenced by the great convenience of the 
overhead gantry system. A full description of this structure 
was given by the shipyard manager, Mr. J. L. Twaddell, in a 
paper read at the Institution of Naval Architects (see “En- 
gineering,” vol. Ixxxi., pages 503 and 509).—‘‘Engineering.” 

Coastal Destroyers.—The first of the five new coastal de- 
stroyers built by Messrs. J. I. Thornycroft & Co., Limited, at 
their works at Chiswick, has recently been tried. This vessel 
—H. M. S. Gadfly—is small for a destroyer, being even less 
than the Daring, although somewhat larger than the last tor- 
pedo boats. She is 168 feet long over all by 17 feet 6 inches 
beam, and draws, when laden, about 6 feet 6 inches. The pro- 
pelling machinery consists of Parsons steam turbines, steam 
being generated in Thornycroft boilers burning oil fuel. It is 
evident we have here a very interesting vessel, and one whose 
trials should be capable of throwing valuable light on the most 
modern problems of marine propulsion. Unfortunately for 
naval architects and marine engineers at large, the Admiralty 
have determined to keep the whole design and the performance 
of this class as secret as possible, and the builders being bound 
by a promise of secrecy, we are able to present our readers with 
no more than a few outline details of the Gadfly and her per- 
formance, pending the arrival of information from abroad. 











1280 SHIPS. 


The propelling effort is divided between three shafts, half 
the total power from the engines being transmitted through 
the center shaft, and one-quarter of the total through each one 
of the wing shafts. There are altogether four separate tur- 
bines, capable of working, however, in series. The machinery 
is arranged so as to give a good economy at cruising speeds, 
for which the arrangement is as follows: On the forward end 
of the central shaft there is what is known as the cruising tur- 
bine, into which steam is directly admitted from the boilers. 
From this turbine steam is exhausted into the turbine on the 
starboard shaft, which forms the first, or high-pressure, tur- 
bine, at full speed running, or, rather, at speeds over about 16 
knots. From this second turbine in the series for cruising pur- 
poses the steam is carried right across to the turbine on the 
port shaft, which is the medium, or intermediate, pressure tur- 
bine of the higher speed working. From the latter turbine 
steam is carried to the low-pressure turbine, which is abaft 
the first-mentioned cruising turbine on the central shaft. From 
the low-pressure turbine the steam passes to the ordinary cylin- 
drical condenser on the port side of the vessel. It will be seen, 
therefore, that each wing shaft has its own turbine, and that 
there are two turbines placed tandemwise on the central shaft. 

For full-speed running the cruising turbine is cut out alto- 
gether, and being then connected with the condenser, the blades 
revolve in vacuo, and therefore do not waste power to any 
appreciable extent. The port turbine then becomes the first, 
or high-pressure element, the intermediate and low-pressure 
turbines coming into the series as before. For going astern 
there are reversing blades in the exhaust casing of the low- 
pressure turbine. 

The manipulation of the engines is, of course, entirely by 
valves. At full power running the steam valves between the 
engines and boilers are open, as well as the valve on the high- 
pressure turbine; but the valves admitting steam to the cruis- 
ing turbine and for reversing purposes are shut. To reduce 
speed to below 16 knots the valve admitting steam directly 
from the boilers to the high-pressure turbine is closed, two 
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valves admitting steam to the cruising turbine are opened, 
whilst a self-closing valve on the high-pressure cylinder has to 
be opened to pass steam from the cruising casing to the high- 
pressure turbine. For going astern from full speed ahead it is 
necessary to shut off steam from the high-pressure turbine by 
one valve and to open a valve admitting steam from the boil- 
ers to the exhaust casing of the low-pressure turbine. There 
is also an auxiliary exhaust valve to close; this can be done 
from the platform by means of gearing. For greatest speed 
there is a by-pass valve by which steam is admitted from the 
boilers direct to the high-pressure turbine some distance down 
the casing, so that there is then a double admission. 

The striking characteristic of the engine room of this ves- 
sel is its roominess and comfort. The machinery is no lighter, 
probably, than that which would have been installed if recipro- 
cating engines had been used, but the gain in comfort, safety 
and simplicity is enormous. The engine-room equipment does 
not contain other novel features, unless it is that wet and dry- 
air pumps, made by Weir, are placed in the after part of the 
engine room. The engines for the Gadfly were made by 
Messrs. Parsons, at their Wallsend works, but the sets for the 
other four boats are being constructed by Messrs. Thornycroft, 
at their Woolston works. 

The boilers, as stated, are of the Thornycroft water-tube 
type, and are fired by oil fuel. The system is that which has 
been developed by the Admiralty, and certainly appears to 
work with great success. As our readers are aware, experi- 
ments have been carried on for a long time past by engineers 
belonging to the Service, and those who have been engaged in 
them are to be congratulated at having arrived at what seems 
to be a fairly perfect result. We are, for reasons stated, un- 
able to describe the process ; but it may be said that the success 
reached has been due to careful improvement in detail rather 
than to any radical departure from precedent. The oil used 
is a thick, treacly substance of the appearance of crude Texan 
oil. It is evidently thoroughly atomized as the boat runs—at 
any rate after the boilers are once warmed up—without smoke 
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or smell, and the chimneys remain quite cool, or cool enough 
to preserve the paint. The furnaces of the boilers are only 
adapted for oil fuel, there being no provision for burning coal. 
Probably oil burning adds somewhat to the weight of the boiler 
installation, though not much, as a certain amount of firebrick 
must be used, and this would outweigh the saving through 
absence of fire bars. 

There is, however, a very important saving in the adoption 
of oil fuel, as with turbine engines—that is, in the personnel. 
It would, we believe, be quite possible, if necessary, to arrange 
the Gadfly so that she might be run single-handed. In place of 
having to shovel coal on to the furnace, to trim it on to the 
stokehold floor, and clean fires at intervals, the boiler attendant 
—‘“stoker”’ would be a misnomer—has nothing to do but mani- 
pulate his feed and burner valves if required. The fire remains 
constant, and consequently the steam pressure varies through 
a very small range; so long, of course, as the demand for power 
is constant. Much the same kind of thing may be said of the 
turbine engines. ‘Those who can remember the early days of 
torpedo-boat trials, with a crowd of men with oil feeders, 
squirts, mops, and even half-pint tins bombarding the engines 
with lubricant, can best appreciate the quiet orderliness of a 
turbine-driven boat. It may be safely said that had water- 
tube boilers, oil fuel, and turbines preceded coal and reciprocat-. 
ing engines, the old Admirals of the ’forties would not have 
raised such a pother about the introduction of steam into the 
Navy. 

The Gadfly made her full-speed official trial on September 
27, off the mouth of the Thames, the vessel being complete, 
including armament ; and having on board a weight of 24 tons, 
representing stores, ammunition, etc., besides oil fuel for the 
trial. The contract speed was 26 knots. The mean speed 
reached during the 8 hours’ run was 27.336 knots, whilst the 
six runs on the measured mile gave 27.505 knots. The mean 
revolutions were 1,204 per minute, the steam pressure being 
215 pounds to the square inch. The oil consumed during the 
trial was 22.8 tons.. The exact power developed by the en- 
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igh gines is, of course, unknown, but judging by the performance 
nly of other vessels of a corresponding class, the consumption of 
al. oil would be about 1% pounds per indicated horsepower per 
ler hour, or probably 1 pound less than the weight of coal that 
ick would be required. It is characteristic of turbine engines and 
oh oil fuel that the speed increased whilst the trial progressed, 
as fires did not get foul, and the “human factor” did not 
on deteriorate through hard work and anxiety. It was consid- 
el. ered that the only absolute limit to the duration of the trial 
ge was the amount of fuel carried. This would have given about 
of 400 nautical miles at full speed. 
he On the following day (the 28th) the maneuvering trials 
nt were gone through successfully. Going astern the boat was 
l- run for a quarter of an hour with the center propeller revolving 
ns. at two-thirds the revolutions needed for 26 knots, the speed, 
rh as taken on the mile, being 12 knots. Afterwards the vessel il 
er was run astern at 699 revolutions per minute for a quarter of i 
1e an hour, the speed being approximately 13 knots. Of course, | 
of only the center propeller was used on both these runs, the astern 
s, turbine, as stated, being only on the center shaft. Good re- 
2S sults were also obtained in stopping and starting, these being iH 
a pronounced equal to the performance of ordinary boats of the 
f= type. 4 
om _ The official 24-hours’ low-power consumption trial, with the 
€ cruising turbine in use, was carried out in the Thames estuary 
ie on October 1 and 2. The speed registered was 12.037 knots, 
with a mean of 459.5 revolutions per minute. The steam 
rT pressure averaged 150 pounds, and the vacuum 28 inches. Hi 
, The oil consumed was 2,130 gallons, or about 8.88 tons. The ¥ 
maximum radius of action, with all oil tanks full, would be ‘| 
about 1,300 nautical miles. i 
It will be seen that with the Gadfly a most successful result 


successfully worked out the oil-fuel problem, and Messrs. 

Thornycroft, the contractors, are to be congratulated on the re- 
sults. The only pity is that oil fuel is not as plentiful as coal. 
—‘Engineering.” 


e 
1 
e has been obtained. Both the Admiralty officials, who have so 
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H. M. Armored Cruiser Achilles—The armored cruiser 
Achilles, which belongs to the Duke of Edinburgh class, and 
was built by Sir W. G. Armstrong, Whitworth & Co., Lim- 
ited of Elswick, and engined by Messrs. R. W. Hawthorn, Les- 
lie & Co., Limited, of Newcastle-on-Tyne, has now completed 
her contract steam trials, and we give the results in the ap- 
pended table. These engines are of the four-cylinder triple- 
expansion type, with a high-pressure cylinder of 43%4 inches 
diameter, and intermediate of 69 inches, and two low-pressure 
cylinders of 77 inches diameter in each of the twin sets, the 
stroke in all cases being 42 inches. With steam at 205 pounds 
pressure, an indicated power of 23,500 horsepower was to be 
realized with the engines making 135 revolutions. It will be 
noted that on the full-power trial the power was 23,968, with 
the engines making 139.4 revolutions. On the measured-mile 
trials the power averaged 23,275 horsepower, and the speed at- 
tained was 23.272 knots, as compared with the 22.33 knots an- 
ticipated in the design with even a slightly higher power. Thus 





One-fifth Four-fifths Full-power 


ae power trial. power trial, trial. 

Draught forward........... | 26 ft. 54 in. 26 ft. 7 in. 26 ft. 74 in. 

i ed bee. eds | a7 %. 6in. 27 ft.6in. | 27 ft. 64in. 
Steam in boilers............ 185 lb. 195 lb. 201 Ib. 
IE in crunbenivesnipcied 27.7 in. 26.15 in: 26.35 in. 
Revolutions ............000+ | 84% permin. | 126.1 per min. | 139.4 per min. 
Indicated horsepower....| 4,882 16,009 23,968 
Ail PIeSSUTE.,.....+..2eeeee | 0.1 for the last 0.1 on Yarrow|t in. on Yarrow 


| three hours boilers, 0.4 on) boilers, I in. on 
cylindrical) cylindrical 


boilers | boilers. 
BOBO... cesses cccceneseseeses 14.6 knots by 21.58 knots on|23.272 knots on 
bearings measured mile | mile with 23,275 
| horsepower 
Coal per I.H.P. per hour| 1.88 Ib. 1.85 Ib. 2.03 Ib. 
Water consumption 
(main engines)........... 16.95 Ib. 15.37 lb. | aa 
Water consumption J i chee 
(aux. engines)............ 3 Ib. 2.5 Ib. 


Loss of water...........000. 12.42 tons 33.05 tons 9.8 tons 








it may be accepted that, as in the case of the other ships, the 
Achilles, for her designed power, is practically a nautical mile 
per hour faster than anticipated, a result upon which Sir Philip 
Watts is to be congratulated. The boilers are partly cylin- 
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drical and partly of the Yarrow type; this is the last class in 
which such a combination was adopted. The cruiser is 480 
feet long between perpendiculars, 73 feet 6 inches beam, and her 
designed draught is 27 feet, at which the displacement is 13,550 
tons ; but, as we have said, the ship and machinery have already 
been very fully described and illustrated, so that we content 
ourselves now by giving the mean results. 

The trials were in every sense satisfactory, and the machin- 
ery worked exceedingly well. The full-power trial was run in 
a 7-foot sea.—“Engineering.” 

For a general description of this class of vessel see vol. xvi, 
p. 1278, JOURNAL. 

A New Naval Floating Workshop.—A remarkable ves- 
sel for the Royal Navy is being fitted out alongside the shipyard 
of Sir James Laing & Sons, Sunderland. She is the sequel to 
an experiment made some time ago, when an old cruiser was 
converted at Portsmouth into a floating workshop, under the 
name of the Vulcan, to attend on a fleet at sea for the execution 
of repairs. The experiment has evidently been very success- 
ful, as the vessel at Messrs. Laing’s is specially built for the 
same purpose on much extended lines. It would, in fact, not 
be inapt to describe her as a sea-going dockyard, so extensively 
is she being fitted with shipbuilding and engineering machin- 
ery. The men working on her say there is not a machine to 
be found in a shipyard or marine engine works that is not 
represented on board. Considerable secrecy, has, says the 
“Glasgow Herald,” been preserved with regard to the vessel, 
all the officials concerned in her construction having been 
sworn under the Officials Secrets Act. She was launched with- 
out ceremony some months ago, and named the India Brahma, 
a name which might suggest that she was meant for an Eastern 
trader, but her internal fitting is now so far advanced that her 
purpose is obvious, and she is now officially referred to as 
H. M. S. Cyclops. 

Externally what most distinguishes the vessel is the number 
of funnels and the position of some of these. The latter are 
to carry the smoke from the foundries and workshops below. 
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The vessel is of 11,000 tons, and her dimensions are: Length, 
460 feet; breadth, 55 feet; and depth, 40 feet. She has huge 
hatchways leading to decks below almost for her full depth. 
At the lowest level is a fully-equipped foundry, with cupolas, 
where damaged parts of machinery can be replaced by new 
castings. The capacity of the foundry is adequate to deal with 
moderate-sized shaftings. On a higher deck is a boiler shop, 
where boiler and ship plates can be dealt with and where there 
are shearing and punching machines just the same as in a ship- 
yard. Then there are carpenters’, blacksmiths’ and armorers’ 
shops, fully equipped fitting works, and electricians’ and cop- 
persmiths’ departments. There is a crane which travels all 
round the ship, to lift the repairs to and from the works below. 
The vessel has a large ice-making plant, and a set of gigantic 
condensers capable, if need be, of supplying a fleet with fresh 
water. An important part of the ship is the electricity-gener- 
ating station. All the machines and cranes will be worked by 
electric motors, and the vessel will be fitted with wireless 
telegraph apparatus. She will carry a crew of about 300 men, 
mostly artificers, and is expected to be ready for sea about 
Easter.—“Page’s Weekly.” 


FRANCE. 


The Destroyer Claymore was recently delivered to the 
French Government at Cherbourg by Messrs. Augustin Nor- 
mand & Co., of Havre. The craft measures 190 feet on the 
load line by 21 feet 6 inches extreme breadth, and is fitted with 
engines rated at 7,000 horsepower. The trials of the Clay- 
more, prior to her acceptance by the French Admiralty, were 
made with full weights on board, inclusive of chains, anchors, 
masts, boats, torpedoes and torpedo tubes, guns and ammuni- 
tion, provisions and water for crew, make-up water for the 
boilers, and the coal necessary for steaming 1,170 miles at 14 
knots. Including an allowance of over 7 tons for sundries, 
the total weight thus carried was 93 gross tons, the displace- 
ment of the boat being 313 gross tons. The so-called full- 
speed trial, which took place after the ordinary preliminary 
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runs on the measured mile, was of six hours’ duration. The 
conditions prescribed that for two hours the speed was to 
be 24 knots, then one hour at the maximum speed, followed 
by three hours at 24 knots. Actually the speed reached dur- 
ing the hour’s run at maximum power was 30.56 knots, and the 
mean speed during the remaining five hours was 24.30 knots. 

The steam for the engines is supplied by two Normand boil- 
ers, each being designed to give sufficient steam for 3,500 
indicated horsepower. The boiler plant is fitted with the 
usual auxiliaries, including feed heaters and filters. 

The Utility of Submarine Boats.—The 1vport which has 
just been made to the War Minister of France by Admiral 
Fournier, the Vice-President of the Superior Naval Council 
and Commander-in-Chief of the Naval Forces, on the subject 
of the recent maneuvers of the French Navy, strongly advo- 
cates submarine boats. The maneuvers, it may be said, were 
directed, firstly, to illustrate problems connected with naval 
operations on the high seas; and, secondly, to enable a study 
to be made of coast defence. The Admiral expresses his 
satisfaction with the new tactics employed, and compliments 
those responsible for them. That part of the report dealing 
with the operations for coast defence is, perhaps, the most sug- 
gestive, and in it Admiral Fournier, according to the “Moni- 
teur de la Flotte,” refers to the almost unquestionable efficiency 
of submarine boats. The maneuvers prove that ordinary ves- 
sels would be forced to take all possible precautions when with- 
in range of powerful coast-defence artillery, and would also be 
subjected to severe treatment by submarine boats. But sub- 
marine boats might operate with impunity so far as the land 
guns are concerned. In his opinion, it will be necessary in 
future to construct as many submersible, or submarine boats 
as possible—boats for offensive operation, with large radius 
of action, and other craft, purely for coast defence. The sub- 
marine boat is, in his opinion, the best auxiliary imaginable 
to large ships of the line, and consequently he supports the 
view that what is wanted are large battleships with many 
small craft, either surface or submarine, but preferably the 
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latter, delivering torpedo attack. It is pointed out that France 
two years ago had thirty-four submarine boats for defence, 
and sixteen for attack ; now there are eighty in use, or in course 
of construction. This year eighteen boats are being laid down 
for attack, having a displacement of 398 tons. Amongst them 
there will be, for experimental test, one or two of a tonnage 
of from 800 tons to 900 tons. The 390-ton boats will be laid 
down as soon as the prototype of the class has passed through 
her diving trials. It is important, therefore, to note that 
France has in use, in course of construction, or projected, 
eighty submarine or submersible boats, while we in this coun- 
try have only forty; our boats, according to the recent Ad- 
miralty return, range in displacement up to 313 tons, with a 
submerged speed of 10 knots and a surface speed of 13 knots. 
The United States have nine submarines in service, with several 
more building, and Russia has twenty-three including several 
bought during the war. Japan has seven, Italy has thirteen 
and Germany is building one, but the budget for the current 
year decides that £250,000 per annum shall be spent for some 
years on submarines. It is obvious that the opinion in 
favor of the submarine is developing quickly and extensively.— 
“Engineering.” 
GERMANY. 

The Germans being a practical people, are not slow in show- 
ing their contempt for the disingenuous policy of the British 
Government. Having a definite end in view, which is the 
substitution of the Fatherland for England as the dominant 
maritime Power in the world, they have no intention of adopt- 
ing the principle of naval disarmament. This being so pub- 
licity is being given to details of their new battleship, the 
Deutschland, which is to be their answer to our Dreadnought. 
She will be larger, and carry a more powerful armament. 
Moreover, she will have three companions on blue water by 
the end of two years. ‘Therefore, instead of following our 
“lead” in reduction, Germany is plainly determined to “go one 
better” than the best we can do in the way of expansion. This, 
according to the “Broad Arrow,” is the German answer to 
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the recent reduction of the Naval Estimates. The German 
Estimates, by the way, for 1906 amount to 253,456,685 marks 
as against 235,618,205 marks voted for 1905, an increase of 
17,838,480 marks.—Page’s Weekly.” 

The following table gives a list of the ships completed and 
under construction last year and to be laid down this: 


| Dis- 








7 | Date when laid down, 
Hawes. Type. — | launched or completed. 
——___——|_________ Be 
DI, res cisetnvshnajnneeccevaen | Battleship | 13,200, Completed 1905. 
PIII cidevescsihssociskivggis tebewrl do. 13,200 | Completed 1905. 
LOURViN GEM. ..sesereesenvves voeee| do. 13,200 Launched 1904. 
Bcc rsinced castecsoniced do. 13,200 Launched 1904. 
FTOMMBOGT ciiseveesceisisacesveres do. 13,200 Launched Sept. 29, 1905. 
FUE sc cniittninscunenavees tances do. 13,200 Launched Dec. 2, 1905. 
sll Udaphaskcessaashattiesaenaoescsseoal do. 13,200 | Begun 1905. 
SUE coicia'Sanabiepradinnesevesssoansaces) do. 13,200 | Begun 1905. 
eee do. 18,000 | To be begun 1906. 
EVER SACWIOM <0. 0ccasieces: do. 18,000 To be begun 1906. 
{ Armored 

DI. Ra icstetcbevdackeisccetoneste | eruinat 9,500 | Completed 1905. 
PRE ovicetngesicitceesanassientes | do. 9,500 | Completed 1905. 
par crows tan careteas pecnksinsacnentnns do. 12,000 | Begun 1905. 
BFP aiststeiens soveticciathsrecenttale do. 12,000 | Begun 1905. 
Pence Socgeta cb ccmmaastabatdawsouine do. | 12,000 | To be begun 1906. 
RMS cain: <nvxieponesiuamitid | = | 3,200 | Completed 1905. 
MI iiiak ciesciadseatsctescoctes do. 3,200 | Completed 1905. 
FG ise. <enindati chateiccice: do. | 3,200} Completed 1905. 
ERI ik ssciks coveted ah etbdateneds do. 3,200 | Launched Mar. 22, 1905. 
EE cecal casand ennai stents do. | 3,200} Launched Mar. 22, 1905. 
POTS FETIIE veces sosssesseves do. | 3,200} Begun 1905. 
Oa tet cisene <iichisteiepeincgentooes do. 3,200 | Begun 1905. 

POE PE cesccvntids ccccescness do | 3,200 | Begun 1905. 
PEP Tied eititeesnissenates do. 3,200 | Begun 1905. 
BIRO FIG, .3sccsac: evcevecsees do. | 3,200 | To be begun 1906. 
Eirsats Komeel,.......2.rcevverssee- do. 3,200 | To be begun 1906. 


7 Details uncertain 
JAPAN. 


The Japanese Naval Programme.—In the programme of 
the Naval Department of Japan for the current year, special 
importance is attached to naval education, thus proving again 
that the Japanese are always careful in laying the foundations 
of a policy before attempting to carry out its details. This 
accounts for the great success which has attended all their 
efforts. The Naval Staff College in Tokio and other insti- 
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tutions for naval education will be greatly extended. The 
Staff College formerly could only admit forty students; hence- 
forth it will be made to take in 115 students. At the Gunnery 
School, Naval College and Marine Corps, 10-inch or 8-inch 
guns will be installed for training purposes. The educational 
expenses of the Navy Office are expected to amount to between 
two and three million yen. At the same time, the naval 
strength of Japan will be greatly increased during the course 
of the year. Two battleships—the Aki and Satswuma—and 
several other vessels of various sizes will be launched during 
the year, and their equipment will be completed during the 
course of next year. In addition, the following list of ships 
captured from the Russians, and all now under repair, will 
show the magnitude of the new strength to be added to the 
Japanese Navy: 


Class. Name. Tons. Place of 
repairing. 
Battleship.......++ esses Sagami (Peresviet).......00.... 12,674 Yokosuka. 
Battleship....coses .orcsceee NE CPUEONG) .ccccccccecssescecese 12,674 Yokosuka. 
DF Ssicistcntbesiveitie I LIFES ) a cecscscecesccseseonnee 6,500 Yokosuka. 
ROCIO sonics scvcesties Yamahiko ( Rieshitelni)......... 240 Yokosuka. 
Destroyer......s00--.+sceuS@lSURE (Biedovi)......00 eceeeeee 350 Uraga. 
BOUEIGGEED i ccescnecsnsssecs TAOS (OPE)... ccsececesecsseess.2-0 13,516 Kure. 
BROOD in cncoctvinsersecns FHizeu ( Retvisan) ......ceeccceseees 12,902 Sasebo. 
COIN Gib ici i sestitacsats Tsugasu (Pallada)........ 1.2604 6,731 Sasebo. 
Destroyer..........cssscss Pemeseks (SHE) ......<c0c.cccscee 240 Takeshiki. 
Mi ceiiveccnen-tcarcal Shikinami (Gaidamak).....00+. 400 ‘Takeshiki. 
Gunboat......... see... Makikumo ( Posadnik)......000... 400 ~=©Takeshiki. 
ne oe Tango (Poltava) .....ccsecesececeesee IO, Maizuru. 
Armored cruiser......... IE wicincttvepnerdeucedetees 7,726 Maizuru. 
Armored coast-de- 
fence ship............ Mishima (Admiral Seniavin). 4,960 Maizuru. 
I iiss sateen: cada PUI saact sons cncsee cass teedeceiscccssiese 3,080 Hakodate. 


The battleship Jki (Imperator Nicolai I, 9,594 tons) and the 
armored coast-defence ship Okinoshima (General-Admiral Ap- 
praxine, 4,126 tons) have already been repaired and are on 
duty in the Navy. In order to meet the increased demands 
upon them, considerable additions and developments will be 
made in the dockyards and arsenals at Yokosuka, Takeshiki 
and other naval stations. 
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The Mikasa Afloat Again.—Admiral Togo’s flagship, 
the Japanese battleship Mikasa, which took part in the 
battle of the Sea of Japan, and which sunk last year, has 
been raised after repeated failures to get the huge craft 
afloat. Four powerful 27-inch pumps, each capable of 
discharging 3,000 tons of water an hour, in conjunction 
with the ship’s own pumps, overcame the great vol- 
ume of water in the hold and the vessel rose to the surface. 
The ship’s own boilers were used for raising steam to work her 
own pumps, and as she gradually rose it was seen that her 
own funnels were emitting smoke. Of all that has been 
achieved in the way of floating sunken ships at Port Arthur 
and other places, nothing has afforded the Japanese people a 
tenth part of the delight that they experienced on finding that 
the Mikasa was again riding the waves. At least a year will 
be consumed in making her fit for service. She was almost a 
year under water, having sunk on the night of September 11. 
The Mikasa was found to have ten large holes in her sides, to 
say nothing of an abundance of smaller leaks. 


PERU. 


New Peruvian Cruisers.—The conclusion of the trials of 
the cruiser Almirante Grau, built for the Peruvian Navy by 
Messrs. Vickers Sons and Maxim, Limited, at Barrow-in-Fur- 
ness, synchronized with the launch of the sister-ship Coronel 
Bolognesi, and the association of the events suggests the effort 
being made by the Peruvian Government towards the resusci- 
tation of their Navy. The two ships, which are of an im- 
proved “scout” type, will, it is hoped, so encourage interest in 
naval affairs in the Republic, that there will be willingness to 
agree to those further developments which the naval advisers 
of the Government consider desirable. The country is pro- 
gressive; the President of the Republic, as was mentioned at 
the social function in connection with the launch, is imbued 
with the spirit of advance, and has encouraged the formation 
of a national steamship company, the building of a new floating 
dock, the revision of the hydrographic survey plans, and the 
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erection of lighthouses on the Peruvian coast—all schemes 
tending towards the development of the internal and interna- 
tional trade of the country. The time may therefore come 
when Peru will again have a navy which will entitle her to a 
first place amongst South American States. 

The Almirante Grau and Coronel Bolognesi are sister ships, 
with this exception—that in the former there is a poop, where- 
by the accommodation is largely increased, the intention being 
that this vessel shall act as the flagship of the Navy. The ves- 
sel is thus about 20 tons greater in displacement than the other 
ship. The length is 370 feet, the beam 40 feet 6 inches, and 
the draught is limited to 14 feet 3 inches, in order that the ves- 
sel may enter all Peruvian harbors. ‘The displacement at this 
draught is 3,200 tons. For protection there is fitted an ar- 
mored deck over the magazines, steering gear, and machinery. 
The coal bunkers, as shown on the plans of the lower decks, 
are arranged along the sides of the boiler compartments and 
over the machinery room, thus adding to protection, and mini- 
mizing possible penetration by shot and shell. The conning 
tower is of 3-inch armor. The armament of the ship includes, 
as shown on the elevation, and on the poop, and forecastle 
decks, bow and stern 6-inch guns with protecting shields. 
These guns have an arc of training of 270 degrees. Ammu- 
nition is supplied by electric hoists of the dredger type, pro- 
tected by armored tubes. All the mechanism is arranged to 
give the greatest possible rapidity of fire. The secondary ar- 
mament consists of eight 14-pounder guns, and eight 114- 
pounder guns as shown on the plans. There are two sub- 
merged tubes for firing 18-inch torpedoes. 

The flagship will have a complement of 300 officers and men, 
and special arrangements are provided in view of the varia- 
tions in climate in South American waters. Special care has 
been devoted to the natural and artificial ventilation of the ship, 
and to the heating, steam radiators heing extensively employed. 
There is, of course, a complete installation of electric light. 
Although the ship is small, baths are provided in all the living 
quarters. Refrigerating plant and ice-making machinery, with 
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cold-storage chambers adjoining, are notable features. There 
is also a mechanically-equipped bakery on board, so that the 
vessel excels many warships of much greater size in the ele- 
ments conducing to comfort. These will ensure the good 
health of officers and men, which is an important item, as in 
warfare the mental equanimity of the personnel is as important 
as the efficiency of the material. 

The machinery consists of two four-cylinder triple-expansion 
engines, balanced on the Yarrow-Schlick-Tweedy system. 
These engines are designed to give a collective indicated horse- 
power of 14,000, with a steam pressure at the engines of 250 
pounds per square inch, the safety valves in the boiler being 
loaded at 280 pounds. As will presently be shown, the en- 
gines gave every satisfaction during the trials. There are ten 
water-tube boilers on board, arranged in three separate com- 
partments, and worked under the closed stokehold system. 

The Almirante Grau left Barrow-in-Furness, where she had 
been constructed, on September 15th, proceeding to the Clyde 
for speed trials. A strong breeze was encountered, with fairly 
heavy seas, which tested the sea-going qualities of the vessel 
with eminently satisfactory results. A series of progressive 
trials were made on the measured mile on the Firth of Clyde, 
on the 17th, and the ship made her full-speed run on the 19th, 
the weather being fine and the sea smooth. The specification 
required that during this trial the vessel should steam six runs 
over the measured mile, and that the mean speed should be 24 
knots. In the event of the speed being one-fiith of a mile per 
hour less, the ship was liable to be rejected. This performance 
was easily exceeded, the speed obtained being 24.641 knots, 
with the engines making 216 revolutions, and developing 
14,144 indicated horsepower, a result suggesting high efh- 
ciency. 

There was not the slightest difficulty either in the engine or 
in the boiler room; and Admiral Carvajal, the head of the 
Naval Commission, who has superintended the construction of 
the ship, was on board, and expressed his high appreciation of 
the splendid performance of the ship, and particularly the 
absence of vibration. 
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After the full-power trials, the usual circling tests were car- 
ried out, as well as the starting and stopping trials ; and on Sep- 
tember 21st, the vessel proceeded on a 24-hours’ endurance test, 
which was divided into four successive six-hour periods, the 
power being increased in each period. The coal consumption 
was taken, and the results are given in the following table: 


. First. Second. Third. Fourth. 
Mean indicated horsepower.......... 913 3,689 6,342 8,817 
coal consumption, pounds... 2.27 1.45 1.68 1.635 


These coal results are very favorable. The vessel on this 
trial steamed down the Irish Sea as far as the Skerries, off the 
Welsh Coast, and was then headed for Copeland Light on the 
Irish Coast ; thence she proceeded northward as far as Corswell 
Point, and finished at Morecambe Bay Lightship. The weather 
was fine. During the trials an opportunity was afforded of 
testing the wireless telegraph installation on board the ship, 
and messages were received on board over a distance of 150 
miles. The vessel was docked at Barrow-in-Furness on Sep- 
tember 22, and Admiral Carvajal’s naval staff attended the 
launch of the sister-ship Coronel Bolognesi, which took place 
on that day. The two vessels will be completed, ready for war 
service, by the Vickers Company, even to the provision of shot 


and shell and powder. 
RUSSIA. 


Armored Cruiser Rurik.—There was launched November 
17, 1906, from the Vickers Company’s Naval Construction 
Works, at Barrow-in-Furness, the armored cruiser Rurik, for 
the Imperial Russian Government. From the date of receipt 
of the order to the launching of the vessel a period of about 
ten months has elapsed, and the work done constitutes a 
splendid performance on the part of the builders, in view of 
the differences of construction between British and Russian 
ships, and also on account of the many innovations made, 
due to the lessons of the late war. It is many years since 
any British firm has had the compliment paid to them of being 
asked to construct a first-class fighting ship for the Imperial 








SHIPS. 1295 


Russian Government, and this new departure is one which, 
from the national point of view, must be considered satis- 
factory. 

Just as the Dreadnought embodies, from the British Ad- 
miralty standpoint, all the up-to-date modifications and im- 
provements required in a modern battleship, so the Rurik may 
be accepted as representing all those features which the Impe- 
rial Russian authorities consider to be desirable in a first-class 
fighting ship. It should be borne in mind, too, that in her 
design and construction there are included those advantages 
which the Vickers Company would be likely to suggest to the 
Russian authorities to give additional strength and fighting 
power. 

Contradictory particulars of this vessel have from time to 
time appeared in various journals, and we have considered it 
advisable to obtain, as far as possible, information from our 
St. Petersburg representative, and the drawings and particu- 
lars which we publish are therefore authentic. The result 
of our inquiries shows, in a word, that the Russian Navy will 
have in the Rurik a powerful and reliable fighting ship of 
great power, upon the acquisition of which we congratulate 
the Russian Admiralty, and particularly Admiral Birileff, the 
Minister of Marine, and the Marine Technical staff, who have 
worked so earnestly and patriotically for the reconstruction of 
the Navy. 

The dimensions and principal particulars of the vessel are as 
follows: Length between perpendiculars, 490 feet; breadth, 
molded, 75 feet; draught, mean, 26 feet; displacement, 
15,000 tons; speed on trial, 21 knots; indicated horsepower, 
19,700; coal carried on normal draught and on speed trials, 
1,200 tons; number of officers and men, 850. 

The armament is as follows: 

Four 10-inch breech-loading guns, 50 calibers, twin-mounted 
in barbettes, two forward and two aft, on the center line 
(Fig. 2). 

Eight 8-inch breech-loading guns, 50 calibers, twin-mounted 
in barbettes, on the quarters (Fig. 2). 
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Twenty 4.7-inch quick-firing guns, 50 calibers, sixteen in an 
armored battery on the upper deck, and four in a sub-divided 
armored battery on the main deck aft (Fig. 3). 

Twelve smaller quick-firing guns. 

Two 18-inch submerged torpedo-tubes (Fig. 1). 

The protection, as shown in Fig. 1, is as follows: 

A complete water-line belt from end to end of the vessel, 
and extending from a greater depth than usual below the 
water line to a very considerable height, tapering in thickness 
from 6 inches amidships to 4 inches and 3 inches at the 
ends of the ship. 

Above this belt, and extending for a length of about 200 
feet is a 3-inch armored battery, from the top of the belt 
armor to the height of the boat deck, affording armored pro- 
tection to sixteen of the 4.7-inch guns (Fig. 3). 

At the after end of the vessel there is a second battery of 
armor 3 inches thick, for protecting the four remaining 4.7- 
inch guns; this armor extends from the main belt to the upper 
deck (Fig. 3). 

The barbettes are 744 inches thick, and the conning towers. 
8 inches thick, all of Krupp cemented armor. 

The midship and after batteries for the 4.7-inch guns are 
enclosed by armored traversers 3 inches thick (Fig. 3). 

The 4.7-inch guns in the citadel are enclosed in separate 
compartments, the traversers and longitudinal bulkhead being 
of special armor 1 inch thick. 

Four armored range-finding towers are fitted, the thickness. 
of the armor being 5 inches (Figs. 1 and 2). 

The combined thickness of the protective decks is 4 inches, 
and the decks are so arranged as to ensure, as far as prac- 
ticable, that all high-explosive shells shall burst outside the 
vessel. 

Bearing in mind the foregoing particulars, it will be easy 
to follow the analysis of the more important characteristics of 
the design. It will be clear that considerable weight has been 
utilized in this vessel in features which, so far as we are aware, 
have not yet found acceptance in other navies. But the Rus- 
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sian Imperial Admirality are in a position to know the weak- 
est parts of a fighting ship, and are likely to go in for expen- 
diture of weight only in the direction which experience has 
proved to be advantageous, as, for instance, in the gun instal- 
lation, allowing greater angles of elevation and depression, in 
electric mechanism for actuating the main armament, in an 
augmentation of ammunition carried, and in a reserve of 
boiler power to increase the reliability of sea speed. 

Armament.—Taking first the question of armament. The 
vessel, as above described, carries four 10-inch, eight 8-inch, 
and twenty 4.7-inch guns; both the 10-inch and 8-inch guns 
being twin-mounted and electrically worked. Each gun pos- 
sesses a higher muzzle velocity than corresponding guns in 
other navies, and there is carried such quantity of ammunition 
as, before the late war, would have been deemed extravagant. 
The electric mountings, adopted in preference to hydraulic 
gear, have, contrary to accepted opinion, considerably added 
to the weight. It will also be noticed that the guns are in 
each case 50 calibers in length, by which the maximum of 
energy and efficiency is secured. 

The angles of elevation and depression are very considér- 
able—viz. : 35 degrees elevation and 5 degrees depression. To 
anyone conversant with artillery matters it will be patent 
that arrangements to meet such extreme angles must neces- 
sarily add to the weight of the mountings, and incidentally 
to the weight of armor for barbettes, on account of the larger 
diameters necessary to provide for efficient balancing and ele- 
vating ; but the advantages gained by such elevation are con- 
siderable, and fully warrant special arrangement for its intro- 
duction. 

An interesting point has reference to the secondary arma- 
ment of quick-firing guns, for provision against torpedo attack. 
In the Dreadnought 15-pounder guns are fitted for such pur- 
pose, whereas in the latest Russian and Japanese ships no guns 
are carried for such purpose of less caliber than 12 centimeters ; 
and experience can alone have influenced these Powers to 
adopt 4.7-inch weapons in preference to 12 or 15-pounder 
guns. All the 4.7-inch guns in the Rurik are protected. 
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A special feature is the range-finding appliances. Four tow- 
ers are fitted, of armor 5 inches thick, at a cost of much 
additional weight; but these towers are placed in such posi- 
tions as to give a good view all round the ship, and are 
fitted with the latest range-finding instruments, and are con- 
nected to all the principal gun and other stations in the ship 
by telephonic and other means of communication. 

Armored Protection.—The sides of the vessel are protected 
from end to end by the latest Krupp cemented armor varying 
from 6 inches to 3 inches in thickness, thus ensuring as far 
as practicable a high armored freeboard during any engage- 
ment. The long central armored battery rising to the height 
of the boat deck amidships, and the long after battery rising 
to the height of the upper deck, add greatly to the broadside 
protection and safety, for in each case the armored bulk- 
heads terminating such citadels make the contained batteries 
into watertight reserves of buoyancy. There are quick-clos- 
ing shutters in way of the gun ports. The longitudinal ar- 
mored bulkheads enclosing the ends of the batteries form addi- 
tional protection to the interior of the vessel, and incidentally 
afford further safety in the case of heeling. 

In addition to the conning tower forward, and the observer 
tower aft, an under-water armor-protected station is fitted, con- 
necting electrically all parts of the vessel, and all gunnery and 
other stations, so that in the event of the conning and range- 
finding towers being destroyed, the ship would still be under 
perfect control from this under-water station. 

The whole of the protective-deck material is of a special 
quality steel alloy. This steel is specified to stand certain 
tests when fired at with an ordinary 6-inch gun, and the con- 
ditions of such tests are more severe than anything which have 
been applied to protective-deck plating hitherto. Not only 
have these plates to be hard enough to resist quick-fire pro- 
jectiles, but they must also be tough enough to prevent any 
serious fracture when subjected to the firing tests, and .at 
the same time be capable of standing the ordinary tensile and 
elongation tests used for mild steel. We understand that the 
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required firing tests, when applied to ordinary mild and high- 
tensile steel plates, gave most disastrous results, but the special 
steel alloy before mentioned came through the ordeal most 
successfully. This steel is also used for the longitudinal bulk- 
heads and traverses of the batteries for the 4.7-inch guns, as 
being an excellent security against shell fire. We believe that 
this is the first time that steel possessing such characteristics 
has been manufactured in England. 

Some of the naval actions fought showed that it was abso- 
lutely necessary that the funnel casings should be armored, as, 
when pierced, the issuing smeke and flame made the decks 
impossible for living or fighting purposes, and rendered the 
conning towers useless for navigating or directing the ship. 
The funnel casings in the cruiser Rurik are therefore made of 
steel alloy. 

Costly experiments have been carried out in order to test 
the effect of torpedo explosion on the under-water portions of 
a vessel’s hull of usual construction, and frum these experi- 
ments data have been got together which have enabled the 
Russian authorities to provide, by the fitting of under-water 
protection, what are considered to be safeguards against tor- 
pedo attack so far as that would affect the loss of the ship. 

A vessel may, through under-water damage, due either to 
shot, torpedo or collision, keel over to quite a dangerous angle, 
or, where this is not so, to an angle sufficiently great to put 
many of the guns out of action, and expose the unarmored side 
below water. In order to counteract this, and to keep the 
armor belt on both sides of the vessel constantly below water, 
special means have been provided in the Rurik, whereby, should 
the side be torn away over a large area, the angle of heel 
would, even in an extreme case, be very small. Automatic 
arrangements are fitted for such purpose. 

With watertight bulkheads built to ordinary rules it was 
found that the water pressure invariably caused such bulk- 
heads to deviate to a considerable extent from the original 
position, in way of the greatest strains. In the Rurik the 
conditions for water testing have been extraordinarily severe, 
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the head of water used being much greater than that usually 
adopted. A considerable increased weight of stiffening is 
used. By such means, also the exact workings of any fittings 
which may be secured to the bulkheads is absolutely ensured, 
and the efficiency of steam pipes, etc., when passing through 
the bulkheads made certain. 

No torpedo nets or booms are fitted; it was found that the 
effect of quick-firing guns threw the whole system into ruin, 
and the debris became a source of very considerable danger to 
any vessel carrying a torpedo-net equipment. 

Propelling Machinery.—With respect to the machinery, the 
conditions as to coal consumption are most stringent, and the 
weight of the propelling machinery is greatly increased by 
the stipulation that the full-speed trial of the vessel must be 
run with only three-quarters of the boilers working. This 
was arranged so that in case of damage to any of the boilers, 
or of a certain number of them undergoing cleaning during 
a time of emergency, the vessel may still maintain her full 
speed. 

Belleville boilers are installed, the Russian authorities still 
considering these boilers to be satisfactory for fighting ships. 
It is regarded as a matter of great importance tu have the same 
type of boiler in practically all the vessels. The parts are 
made interchangeable, even between different ships. 

The propelling machinery consists of two sets of four-cylin- 
der triple-expansion engines, balanced on the Yarrow-Schlick- 
Tweedy system, each set having one high, one intermediate and 
two low-pressure cylinders—all separate castings—working on 
cranks in the sequence of high-pressure, aft low-pressure, for- 
ward low-pressure and intermediate pressure when going 
ahead. The engines are capable of developing 19,700 collect- 
ive indicated horsepower, giving the ship a speed of 21 knots. 
The steam pressure is 250 pounds per square inch. The en- 
gines are designed to turn the propellers inwards when going 
ahead, with the starting platform in the center of the ship. 
Wrought-steel columns form the front supports of the cylin- 
ders, and cast-iron A-columns the back supports, with ample 
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ahead guide surface, and cast-steel astern bars. The bed plates 
are of cast steel, and the working parts of the’ engines are of 
forged steel. Each crankshaft is in two interchangeable pieces, 
the external diameter being 17 inches and the crankpins 18% 
inches in diameter. The hollow propeller shafts are 19 inches in 
diameter. The propellers are of the three-bladed type. There are 
two main condensers in each engine room, fitted with cross- 
connections between the condensers, to enable each condenser 
to be used separately, and each low-pressure cylinder to ex- 
haust to either of the condensers in the same engine room. 

There are twenty-eight separate boilers of the latest im- 
proved Belleville type, fitted with economizers, and the fittings 
include an oil-fuel system, all in accordance with the Belle- 
ville lastest practice. The total heating surface is 55,785 
square feet. There are three funnels, each 14 feet in diameter, 
and the height from the fire grate is 75 feet. 

There is a complete system of auxiliary machinery, and 
mention may be made of two independent twin air pumps in 
each engine room, two main circulating pumps in each engine 
room arranged to work independently of each other, four 
evaporators and two distillers, with the necessary pumps; four 
fire and bilge pumps, two general service pumps, and one 
drain-tank pump. Two grease extractors of the gravitation 
type and of large filtering area are fitted. 

Five large continuous-current dynamos are provided, fitted 
in separate watertight compartments; each dynamo is driven 
by a high-speed compound engine of the enclosed type, and 
fitted with forced lubrication. The voltage is 105. The 
dynamo engines and also the air and circulating pumps are 
arranged to exhaust into two independent auxiliary conden- 
sers, to ensure steadiness of running. The ventilation of the 
engine room is provided for by two delivery and two exhaust 
fans. 

In the boiler rooms two direct-acting feed pumps are fitted 
in each compartment ; each pump is connected to a separate dis- 
charge lead, and any pump may deliver to any boiler. Eight 
large fans are fitted for the supply of air to the boiler rooms; 

85 
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seven <_. compressors are provided for gas mixing and for oil- 
fuel pulverizing. One high-pressure air compressor is fitted 
for the cleaning of boiler tubes by air lances. 

Four hydraulic ash ejectors are fitted in addition to the 
usual steam ash hoists. Seven oil pumps are provided in con- 
nection with the oil-fuel system. Each watertight compart- 
ment is equipped with an electrically-driven turbine pump for 
the discharge of large quantities of water in the case of the 
compartments being flooded. The motors for these pumps are 
situated above the water line. 

The coal carried by the Rurik in her trial and normal con- 
dition is 1,200 tons, with 200 tons of oil fuel. This is greater 
than the normal coal carried by other cruisers and battleships ; 
but as the stations where Russian vessels are enabled to coal 
during war time are not numerous, provision has been made 
for carrying a good supply. 

Ventilation.—The ventilation of the cruiser is arranged on 
an elaborate scale, each large compartment being dealt with 
independently and in an entirely distinct manner. The bulk 
of the ventilation arrangements are electric. Special means 
have been provided for keeping the temperature of the maga- 
zines very low under all circumstances, and for such purpose 
the ventilation system of the ship is connected to thermo tanks. 

Pumping and Draining Arrangements.—The pumping and 
draining arrangements are the outcome of much thought on 
the part of the Russian Admiralty officials, and embody the 
keeping of every compartment in the ship well under control, 
so far as this is possible under any reasonable circumstances 
of warfare or accident. Here, again, the system is electric; 
and although the weight is greater than in other warships, 
some saving has been effected by the entire disappearance of 
the hand-pumping system which is fitted in most navies, more 
for the purpose of exercising the crew than for any real advan- 
tage to the ship itself. The utmost care has to be taken in 
arranging the motors, in order to keep them quite clear 
of any water which might find its way into the various 
compartments, and this has been most ingeniously effected 
by the builders. 
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As in the case of the ventilation system, each compartment 
of any considerable size has its own electric installation, the 
turbine pumps and connections being quite independent. The 
power of the discharge pumps is very great, on account of the 
requirements of the Russian Admiralty with respect to the 
clearing of any of the compartments of large bodies of water 
in a given time being exceedingly severe, with penalty 
guarantees. 

Auxiliaries and Spare Gear.—The spare gear both for the 
hull, machinery and armament is in excess of that in other 
services ; but this is a result of representations made by respon- 
sible officers, who have proved the need of such extra appli- 
ances during war time. 

Exceptional ingenuity has been displayed in the arrange- 
ment of the electric system for the manipulation of the guns, 
lighting, &c., and for the steering gear. The dynamos are 
arranged in two compartments—one forward and one aft— 
and the cable system is such that in the event of one portion 
being destroyed by shell fire or other means, there is always a 
second portion, on another system, which is immediately avail- 
able for a similar purpose. 

Great care and thought have been given to the steering 
arrangements of the vessel, which is supplied with steam- 
steering gear acting directly on to the rudder head, and also 
electric gear in a separate watertight compartment. Both 
gears are under the control of the officer in either the conning 
tower forward, the observer tower aft, or in the under-water 
protected station. Every precaution has been taken to prevent 
a breakdown in the steering capabilities of the ship, and there 
is an appliance whereby the rudder head is instantaneously dis- 
connected from the steering gear, thus allowing, when neces- 
sary, the rudder to be cast entirely adrift from the governing 
mechanism. ‘This is a valuable feature, as it has been found 
from experience that an unlucky shot from a quick-firing gun 
may destroy the rudder gear, and practically tie the rudder 
to a fixed angle, rendering the navigation of the ship difficult 
or impossible. 
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All the sea and flooding valves are fitted with steam con- 
nections, in order to ensure that the working of such valves 
will not be interfered with by ice when the vessel is in service 
in cold climates.—“Engineering.”’ 


SWEDEN. 


The Swedish Navy.—Considerable activity prevails within 
the Swedish Navy, and several important questions are under 
consideration, amongst them being the defence of the coasts 
of North Sweden. It is considered that the somewhat small 
Swedish ironclads will not prove adequate for that purpose, 
inasmuch as the coast in those parts have no “skargard,” no 
protecting islands outside the mainland, and that armored 
cruisers and torpedo-boat destroyers are the most likely types 
to be adopted. The armored cruiser, with its speed, its heavy 
armament, and its up-to-date armor, will, it is surmised, be- 
come the standard defensive warship of North Sweden. The 
recent maneuvers showed the utility of the torpedo-boat de- 
stroyer. With a flotilla of these boats at Lulea and Sundsvall, 
and some armored cruisers at the latter place or Herno- 
sand, there would be every prospect of keeping a hostile fleet 
at bay until the main squadron from Stockholm could come 
up. At the royal dockyard at Karlscrona four torpedo boats 
are in course of construction, and two more first-class torpedo 
boats will be taken in hand. The gunboat Edda is being 
transformed to a hand-mine vessel, and the gunboat Blenda 
will be transformed into a workshop boat, fitted with all 
requisite repair appliances. The building of motor boats for 
the Navy has also been decided upon. The ironclad Oscar II, 
is expected to be ready before the end of the year, and the ar- 
mored cruiser Fylgia by next spring. A torpedo-boat destroyer, 
Vale, is being built at the Kockum Shipyard, Malm6, but some 
dissatisfaction is expressed at the stipulated time of delivery 
frequently being exceeded by the private Swedish shipyards, 
on account of strikes and other causes. 
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Mauretania.—The launch of the Cunard liner Maure- 
tania from the Wallsend shipyard of Messrs. Swan, 
Hunter & Wigham Richardson, Ltd., on September 
20th, marks an epoch in the development of the steamship, 
and it is peculiarly appropriate that this important event should 
closely coincide with the centenary of practical steam navi- 
gation. 

In considering the design of the Mauretania and Lusitania, 
a committee, on which the Cunard Company, the Admiralty, 
Messrs. Swan, Hunter & Wigham Richardson, Ltd., and 
Messrs. John Brown & Co., Ltd., were represented, was ap- 
pointed to investigate the relative merits of reciprocating 
engines and turbines for the vessels. After research and ex- 
periment extending over several months, the committee unani- 
mously reported in favor of the adoption of steam turbines on 
the Parsons principle, and the Cunard Company accepted their 
recommendation. The Cunard S. S. Carmania followed in de- 
sign, but, being a smaller vessel with much less power, was com- 
pleted earlier. As Wallsend was the birthplace of the Parsons 
marine steam turbine, it is fitting that the Tyneside borough 
should also be the cradle of one of the mighty vessels with 
turbine engines from which so much is expected. The condi- 
tions laid down in the agreement entered into in 1903 by the 
Cunard Steamship Company involved the construction of two 
steamships “capable of maintaining a minimum average speed 
of from 24 to 25 knots (say 27% to 29 statute miles) per 
hour in moderate weather.” This speed will enable the vessels 
to reduce the passage from Queenstown to New York (a dis- 
tance of 2,835 knots) to about five days, thus winning back 
from the Germans “the blue ribbon of the Atlantic.” 
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The following are the principal dimensions of the Maureta- 
nia: 

Length, 790 feet; breadth, 88 feet; depth (molded), 60 
feet 3 inches; gross tonnagt, 33,200 tons; displacement ton- 
nage, 45,000 tons; load draught, 37 feet 6 inches; height of 
funnels from line of keel, 155 feet; diameter of funnels, 24 
feet; height of masts, 216 feet. 

These figures, perhaps, convey a wholly inadequate idea of 
the size of the leviathan. Three Mauretanias in line would 
almost bridge the Mersey estuary, and three “laps,” or prom- 
enades, round the ship measure about a mile and a quarter. 

The Kaiser Wilhelm II, which at present holds the fastest 
speed records of the Atlantic, has a maximum ocean speed of 
23% knots, or 27 miles. The Mauretania’s speed, it is expected, 
will be a mile or a mile and a half per hour in excess of that 
of her German rival. This increase of speed, together with 
the increased size of the ship, has involved an addition of about 
70 per cent. to the 38,000 indicated horsepower of the Kaiser 
Wilhelm II. The largest Atlantic greyhound of the White 
Star Line (we do not speak of the slower “intermediate” 
steamers) is the Oceanic, with a tonnage displacement of 
28,500, against the 45,000 tons of the new Cunarder. Turn- 
ing to the historic Great Eastern, a comparison shows that 
Brunel’s monster creation was 80 feet less in length, 5 feet 
less in breadth, and 3 feet less in depth, while her displace- 
ment was about 18,000 tons less than the Mauretania’s, so that 
the displacement of the Great Eastern (27,000 tons) and of 
H. M. S. Dreadnought, recently launched (18,000 tons), com- 
bined would about equal the Mauretania’s displacement ton- 
nage. 

The hull of the Mauretania has been constructed on the 
cellular double-bottom principle, the depth between the bot- 
toms being 5 feet at the center. The extension of the double 
bottom well up the sides of the ship will afford great addi- 
tional protection in the event of the liner grounding, at the 
same time giving structural strength transversely and longi- 
tudinally. The sub-division of the hull by watertight bulk- 
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heads and decks is the most elaborate that could be devised 
for a passenger vessel. The total number of separate water- 
tight divisions is 175, rendering the ship practically unsink- 
able. All watertight doors fitted to the main bulkheads are 
specially aranged so that they can be instantly closed in case 
of accident, the apparatus for performing this operation being 
controlled from the bridge. In way of the engine and boiler 
spaces, the vessel will have six complete decks, including the 
promenade and boat decks above the main structure. In ad- 
dition, a tier of deck houses, running for over half the length 
of the ship, will be erected on the boat deck, the whole being 
surmounted near the fore end by the commander’s bridge. 
When pacing the bridge, therefore, the captain’s eyes will be 
about 110 feet above the line of the keel of his vessel. There 
will be nine decks in all, but not all continuous for the length 
of the ship. Four funnels and two steel pole masts will be 
fitted. The funnels will each be large enough in diam- 
eter to allow two locomotives of the ordinary type to pass 
each other inside. The launching weight of the Mauretania 
was about 16,500 tons, which has only been approached, but 
not equalled, by that of the sister vessel, the Lusitania. It is 
interesting to note that the Mawuretania’s launching weight 
was considerably more than double that of the battleship Lord 
Nelson, just launched on the Tyne. 

About 26,000 steel plates were used in the shell, decks, 
bulkheads, casings, etc., of the vessel, many of them weighing 
from 4 to 5 tons. Special high-tensile steel was largely em- 
ployed in the parts of the structure that will be subjected to 
the greatest strains. Over 4,000,000 rivets have been worked 
into the vessel, weighing about 500 tons. The main frames 
and beams, placed end on, would extend about thirty miles, 
or say, from Hexham to Tynemouth. The rudder weighs 
about 65 tons. The total weight of the main castings, includ- 
ing rudder, stem bar, stern frame, and propeller brackets, ex- 
ceeds 200 tons. As an indication of the dimensions of the 
auxiliaries of the new liner, we may instance the chain cables. 
These are the largest ever made for the use of a ship. Each 
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of the iron links is 24% inches in length, 334 inches in diam- 
eter at the smallest part, and weighs 160 pounds. The lower 
anchors weigh 10 tons each. 

The Mauretania will be capable of conveying about 560 
first-class, 500 second-class, and 1,400 third-class passengers, 
while her crew all told will number about 800 persons. The 
promenade and living spaces allotted to the passengers are 
designed on a most generous scale, the space allowed for each 
passenger being about 50 per cent. greater than in any other 
of the recently constructed liners now crossing the Atlantic. 
In the architectural treatment of the public rooms and cabins, 
the owners and builders aim at surpassing everything at pres- 
ent attempted in the way of ship decoration and comfort, in 
the first, second, and third-class accommodation. 

Nearly 5,000 electric lights will be fitted throughout the 
ship, current being conveyed by means of about 200 miles of 
electric cable. 

The propelling machinery is being constructed by the Wall- 
send Slipway and Engineering Company, Ltd., whose works 
are within half a mile of the shipyard where the vessel has 
been built. The turbines have been designed by the Wallsend 
Slipway Company in conjunction with the Parsons Marine 
Steam Turbine Company, Ltd., also of Wallsend, and with 
the shipbuilders. Two high-pressure and two low-pressure tur- 
bines will be provided, each having a separate shaft driving 
one propeller. The vessel will therefore be propelled by four 
screws, instead of twin screws, as in the case of most Atlantic 
liners. Throughout, the steam and electric machinery will 
be duplicated, so that in the event of accident the vessel and 
auxiliaries can always be worked by one set of engines. Steam 
will be supplied by 23 double-ended and 2 single-ended boilers, 
having 192 furnaces in all. Air will be supplied to the boilers 
on Howden’s system of forced draft, the fans being driven by 
electric motors; but the boiler power will be efficient without 
forced draft. 

The Mauretania, when completed, will be available for use 
as an armed cruiser or scout in the event of her services being 
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required by His Majesty’s Government. For this purpose she 
will be fitted with twelve quick-firing guns. The coal bunkers 
along the sides of the ship are so arranged that they will afford 
protection to the most vital and important parts. The engines 
and boilers, and the rudder and steering gears, are placed 
below the water line. If used as a scout, the great speed of 
the vessel would prove a very important factor, as, if pursued, 
no cruiser afloat could overhaul her. It will require about a 
year to complete the Mauretania ready for sea.—‘Page’s 
Weekly.” 

Japan’s Mercantile Marine.—Papers just to hand from 
Japan state that at the end of July, Japan’s mercantile marine 
aggregated 993,000 tons. In one month—that is to say, 
since the end of June—it had increased by the following :— 








Tons. 

Sails 6E BIG: Bi O00 GRR is sc icicccstnnce dencspeccavsiscztsveneetensee 2,943 

2 GINO OF ELGG £000 GD F000 GOING. . vcvecececocscsvccccesecessigqasonenssavpenees 3,268- 

6. EE OE TROND BCD BO FBO COI oo vracsicce ss cpestesssisiccéosncegsccsessnvionss 10,264 

2 seine OF TAME $000 GO G,O00 TOD... «6.0. <ccccscccsesborsceccosscvacecosesecsees 6,660 

Total,, 26 dhins, GEBPOURIIG....00.csrvscceseescigdesscsvessebeoesnesesoee 23,135 

The fleet as now constituted is ds follows: 
Kind of vessel. Number. Pa. mg 
tons. tons. 

20 to WD siv0ss svcsavavstiqncoscdsbeniateownesesees 429 13,799. 7,219 
50 i ccscstvosscscnssavepenvorsacccnarbesanes 237 16,892 9,461 
100 i iakirt gicccpivetevtadcaaberes sudnesabers 253 42,692 25,121 
300 SIs ic cuinnions tokauauabiene rand wenbe 92 36,046 22,079 
500 SAE. sschin cdidbcnpinntninenantatnligheibes 131 94,072 58,432 
1,000 a ‘inn deeebhiadineunadoes tiehias 130 196,695 126,472 
ED SM csccvscscenccodsnbeinc seeuncueebunussves 105 255,626 165,379 
SMO) Mahia tice tap dsavdbdiiovnkiondianine 42 142,723 92,305 
is We... ccestiniagktn cinatisbiniecdies II 48,671 32,954 
Oe > Me cc- cncaniies oda cninabiiosataneion 5 26,755 16,588 
UN I as asasecececdicisudavensedsuanubaidi tie 18 112,138 68,315 
SD >< GELS, cas disitladcactabaetseesetbnnde I 7,463 4,627 
icin stantial aicanvenniethinsetiniien 1,454 993,572 628,952 


In addition to the above—all of which are steamers—there 
were 3,914 sailing vessels aggregating 340,103 tons, so that 
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the total fleet represented a gross tonnage of 1,333,675 tons. 

Mr. Iwanaga, one of the managing directors of the Nippon 
Yusen Kaisha, was recently interviewed by a representative 
of a Tokio financial journal, and stated that a good many 
vessels were lost during the Russo-Japanese war; but by pur- 
chasing, by building, and by the sale of prizes of war, there 
has resulted a considerable increase of the mercantile marine 
as compared with the ante-bellum figures. All these vessels 
are now engaged in commerce. During the war the ships 
of the company had to be removed from the European lines; 
but by means of chartered steamers the services were kept up, 
and now they are gradually being restored to their former 
conditions. On the Australian line the period of the Govern- 
ment subsidy expired in March last, but the subsidy has been 
renewed for two years, and the service has been restored to 
its state prior to the war. On the Bombay line the State sub- 
sidy came to an end in March last, but the company has kept 
up the service, and have added three vessels to the three pre- 
viously employed, so that there is a regular fortnightly sail- 
ing. On this route the company hopes to deserve well of the 
cotton-spinning industry of Japan, and so long as the latter 
prospers it will not suffer loss. The coasting service has been 
improved in several respects. The Vladivostock line of the 
service was restored after the war, and for a time there was 
great activity; but at present there is great depression in the 
shipping trade in that quarter. Very sharp competition has 
sprung up on the Shanghai line. During the war the com- 
pany chartered two steamers from Messrs. Butterfield and 
Swire; and when these were replaced by two of the company’s 
ships at the end of the war, the owners of the two chartered 
steamers continued to run them on their own account, and thus 
keen competition came about, and freights have consequently 
been reduced by 20, 30 or even 50 per cent. A new line has 
been opened, which has Yokohama for its terminus, and it 
proceeds thence via Kobe, Shimonoseki, and Shanghai to Han- 
kow. There are three regular sailings on this route, and 
arrangements are being made for other three. As to the 
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Swatow-Bankok line, it was monopolized by the North Ger- 
man Lloyd, whose unreasonableness caused considerable in- 
convenience to passengers and shippers; and by way of de- 
velopment, the company took up this service after the war. 
Naturally, competition resulted, but as it has brought much 
satisfaction to travellers and shippers of goods, the company 
does not intend to abandon it.—‘‘Engineering.” 

Havana.—The steamship Havana, a 10,000-ton vessel, 
built for passenger and freight service between New York 
and Havana, but constructed so as to enable the Government 
to convert her into an auxiliary cruiser on a few hours’ notice, 
was launched October 13 at Cramps’ shipyards in Philadelphia. 

The launching was rather informal and was attended only 
by several officers of the Ward Steamship Line, for whom 
the Havana is being built, and the officers of the Cramp Com- 
pany. 

It is expected that the new ship will be ready for service 
by the first of the year. A sister ship, the Saratoga, is also 
being constructed at Cramps’, and she will be ready to glide 
into the water early in the spring. The contracts for both 
vessels were made under the provisions of the new postal 
subsidy act, the Ward Line being among the first companies to 
avail itself of Uncle Sam’s liberality. 

In times of peace the Havana will carry passengers and 
merchandise to and from Cuba, but when war’s alarms are 
sounded she will be in condition to rush to the Government’s 
aid and render valuable service as an auxiliary cruiser. The 
vessel will be fitted out for comfort and speed. She will be 
equipped with every modern convenience for ocean traffic. 

The Havana is 413 feet long, 50 feet beam and 30 feet 
deep. Her sea speed is fixed at 16 knots per hour. She will 
have accommodations for 210 first class, 46 second class, and 
24 steerage passengers. She will also carry mail. 

Should the Government need her, the Havana can be fitted 
out with eleven 5-inch guns and this, together with the speed, 
would enable her to harrass the enemy and inflict considerable 
damage, especially to the merchant marine of Uncle Sam’s 
foes.—“The Marine Engineer.” 
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OBITUARY. 





ASSISTANT ENGINEER BENJAMIN H. WARREN, 
U. S. N. (RETIRED). 


The Society regrets to announce the death of one of its 
members since the last issue of the JouRNAL, Benjamin H. 
Warren, Assistant Engineer (Retired), U. S. N., died Octo- 
ber 20, 1906. Assistant Engineer Warren was born in Massa- 
chusetts, and was appointed a Cadet Engineer in the Navy 
October 1, 1871. He graduated from the Naval Academy, 
May 30, 1874, and was commissioned an Assistant Engineer 
February 25, 1875. On account of physical disability he was 
transferred to the retired list June 11, 1878. 
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NOTES OF THE SOCIETY. 


A regular meeting of the Society was held at the Navy 
Department October 2d, at which nominations were made for 
Officers of the Society for the coming year, as follows: 


For President. 


(Vote for one.) 
Commander W. M. PArks, U. S. N. 
Commander R. S. GRIFFIN, U. S. N. 
Commander B. C. BRYAN, U. S. N. 


For Secretary-Treasurer. 


(Vote for one.) 
Commander THEO. C. FENTON, U. S. N., Retired. 
Lieutenant Wm. H. REYNOLDs, U. S. N. 


For Members of Council. 


(Vote for three.) 


Rear Admiral G. W. Bairp, U. S. N., Retired. 

Captain A. F. Dixon, U. S. N. 

Commander R. S. GRIFFIN, U. S. N. 

Engineer-in-Chief CHas. A. MCALLISTER, U. S. R. C. S. 
Lieutenant Commander H. P. Norvon, U. S. N. 

Civil Engineer A. C. CUNNINGHAM, U. S. N. 
Lieutenant Commander W. STROTHER SMITH, U. S. N. 
Lieutenant Commander C. W. Dyson, U. S. N. 
Lieutenant Commander C. N. OFFLEY, U. S. N. 
Lieutenant A. F. H. Yarss, U. S. N. 


Voting slips have been forwarded to all members, to be 
returned at once. The votes will be counted at the Annual 
Meeting of the Society, to be held in the Bureau of Steam 
Engineering, Navy Department, at 4°30 P. M., Thursday, 
December 27, 1906. 














